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DESIGN OF TRAINING SYSTEMS
PHASE Il REPORT

ABSTRACT

This report consists of three volumes: Volume I presents an
overview of the activities that comprised the design and
development effort for the three Design of Training Systems
computer-based models, a description of the validation process,
and the long-range implications of the development of an opera-
tional system of DOTS models.

Volume II presents a detailed description of the System Capa-
bilities/Requirements and Resources model, the Educational
Technology Evaluation model, aud the Training Process Flow
model. Model logic design, input/output parameters, and data
base communications are discussed at a level which allows an
analytical evaluation of each model's design. In addition,
Level I validation scenarios are presented in sufficient
detail to allow their duplication if desired.

Volume III contains the model and data base program descrip-
tions and operating procedures. Flow charts and program
listings for the models, interface programs, and the data
base applications programs are presented in appropriate
sections.

The results of Phase II indicate that the selected modeling
applications are feasible. The models' validation demon-
strated response to realistic system variable parameters.
It was concluded that the system of DOTS models is imple-
mentable and will indeed represent a significant training
cost savings.

The DOTS Phase II design and development tasks were performed
by IBM Corporation for the Training Analysis and Evaluation
Group, Orlando, Florida (Contract No. N61339-73-C-0097).

Reproduction of this publication
in whole or in part is permitted
for any purpose of the United
States Government.
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SECTION 1

INTRODUCTION

e

PURPOSE

Volume II presents a detailed description of the DOTS system, The
term system is used because the models and the data base form an interacting
and interdependent group of functional training management tools. It is the
intent of Volume II to give the analyst sufficient information to allow a
thorough understanding of the three DOTS models, to delineate the data re-
quirements and data base commuriication, and to explain the logic design and
the validation of that design during Phase II.

ORGANIZATION OF THIS VOLUME

Volume II is organized into sections for each model in the NOTS system;
i.e., the Sysiem Capabilities/Requirements and Resources model, the Educa-
tional Technology Evaluation model, and the Training Process Flow model.
Each model section follows the same format to allow the reader to make
comparisons of similar aspects among the three models. Phase Il validation
scenarios are presented as an integral part of each model discussion. The
. proposed Phase III scenarios are presented separately.
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SECTION II

SYSTEM CAPABILITIES/REQUIREMENTS AND RESOURCES MODEL

MODEL DESCRIPTION AND FUNCTIONAL SPECIFICATIONS

FUNCTIONAL SPECIFICATIONS. The objective of the System Capabilities/Require-
ments and Resources (SCRR) model is to provide Navy training complex officials
with sufficient physical resource information (i.e., courses, instructors,
classrooms, laboratories) and related analyses to:

a. Assess the feasibility of meeting annual training requirements at the
training complex level. '

b. Evaluate alternative plans for meeting both short and long-term train-
ing requirements.

C. Assess the utilization of existing resources in the daily operation of
the training complex. = '

The SCRR model will perform the data analyses réqﬁifed to fulfill these objectives
through the solution and subsequent sensitivity analysis of the following linear
programming problem. . :
¢ Detemine the maximum student throughpdt based on an optimal mix of
course convenings which a training complex can achieve in a specified
period of time, subject to either existing or projected physical re-
source constraints.
SpecifiéaI]y. a training complex official will be able to use the SCRR model to
.analyze the projected impact of modifications to training demand or resource
availability on student throughput, course convenings, and resource utilization.
The following are presented as examples of modifications which the SCRR model
will evaluate.
a. Courses can be added to or deleted from the training complex schedule.
b. Course lengths can be increased or decreased. |
c. Course convening frequencies can be altered.
d. Normal course capacities can be increased or decreased.
e. Student/instructor ratios can be modified.
f. Instructors can be added or deleted.
g. Instructor qualifications can be modified.
h. Instructor availability can be increased or decreased.

i. Classroom and laboratory availabilities can be increased or decreased.

| 11-1
ERIC | 14

Aruitoxt provided by Eic:



BT COPY AVNLABLE

DATA BASE

DESIGN OF
TRAINING

TAEG REPORT NO. 12-2

SCRR MODEL

FORMULATE LP
OBJECTIVE FUNC-

SYSTEMS (DOTS)
DATA BASE

MODIFY DOTS
DATA BASE 70
REPRESENT ALT.
SYSTEM TO BE
ANALYZED (SCRR
DATA BASE)

TION AND CON-
STRAINT EQUA.
TIONS

'3

—_— L

DATA FROM TRAIN.

ING PROCESS FLOW
& EDUCATION TECH-
NOLOGY EVALUA-

L X

TIVITY ANALYSIS

REFORMULATE TRAIN- T '
ING RESOURCE PROBLEM NO INDICATED
INCORPORATING SENS!- SOLUTION BE

TION MODELS

COMPUTE LINEAR
PROGRAMMING
SOLUTION

PERFORM POST-
OPTIMAL SENSI-
TIVITY ANALYSIE

FORMAY OPTIMAL
SOLUTION & SEN-

RESULTS IMPLEMENTED?
Yes
IMPLEMENT
| USER ANALYSIS J

SITIVITY ANALY.
sisouUTPUT

FIGURE II-1

ERIC

SCRR MODEL FUNCTIONAL FLOW

11-2




TAEG REPORT MO. 12-2

In addition to optimizing student throughput, the SCRR model can also be used
to calculate the quantity and mix of resouvces required to achieve a user-
specified student throughput. The model user can specify student throughput
by establishing the model parameter for number of course convenings as a fixed
value equal to the current number of convenings.

The SCRR model can be run for an individual school (when teaching assignments
do n?t cross school lines), for groups of schools, or for the total training
complex.,

SCRR MODEL DESCRIPTION. Figure II-1 depicts tne SCRR model functional flow.
The components of the functional flow can be divided into three distinct
categories:

a. Data Base
b. SCRR Model
c. User Analysis.

The SCRR model will accept input data from two sources - the DOTS data base and
the SCRR data base. The SCRR data base is a temporary copy of the DOTS data
base which the model user can alter to represent projected training require-
ment/resource relationships, or to answer "what if" questions without destroying
the data stored in the DOTS data base. Although the data base is not an

{ntegral part of the SCRR model, model operation is dependent upon the data base.

The four primary components of the SCRR model are:
a. Formulate LP objective function and constraint equations.
b. Compute linear programming solution.
c. Perform post-optimal sensitivity analysis.
d. Format optimal solution and sensitivity analysis output.

The remaining functional flow components fall into the user analysis category.
The user must analyze the optimal solution and the sensitivity analyses results
to determine if that solution can be implemented. If not, then he must con-
sider the previous results together with information from other sources, in-
cluding data from the Training Process Flow (TPF) and the Educational Technology
Evaluation (ETE) models, to modify the resource mix, training requirements, or
other model parameters.

Design of Training Systems éDOTS) Data Base. The DOTS data base provides a
singie data source for tne model and significantly reduces the amount of
data that must be entered each time the model is run. A1l input data required

by the SCRR model, such as course data (1ength, capacity, convening frequency,
{nstructor, classroom, lab, and equipment requirements), instructor data
(qualifications, assignments, availability, rotation date), and classroom and
laboratory data (location, capacity, availability, course assignments) are stored
in the DOTS data base. The data base will be updated monthly to ensure that it

11-3
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depicts current training requirements and the resources available to the train-
ing complex. This design feature enables the SCRR model user to obtain an
analysis of current resources as applied to current training requirements. The
resource analysis includes instructor, classroom, and laboratory utilization as
a percentage of total availability, the total number of convenings of each
course which is feasible at the current resource level, and resource trade-offs
for resources which are applied across two or more courses.

The user must modify the appropriate data base elements (utilizing the temporary
SCRR data base) prior to initiating the LP problem formulation module to obtain
an analysis for a resource level other than the current level, or for increased
or decreased training requirements. The specified data base (either DOTS or
temporary SCRR) is directly accessed by the LP problem formulation module. The
formulation module operates on the data base contents, combining and reformatting
elements to create both the objective function and all constraint equations to

be processed by the linear programming module.

A detailed description of the DOTS data base can be found in Volume III, Section
V, of the report.

Modif¥ DOTS Data Base to Represent Alternative S¥stem to be Analyzed (SCRR Data
Base). e sole source of data input to the linear programming moduie were
the current contents of the data base, SCRR model application would be restricted
to analysis of the interaction of only those resources and requirements described
in the data base. To extend the range of application of the model, the optional
modify data base component (SCRR data base) has been inserted between the data
base module and the LP problem formulation module in the functional flow depicted

in Figure II-1.

Training complex officials have the option of proceeding directly from the DOTS
data base component to the LP problem formulation module, thus generating an
output which describes the utilization and interactions of current resource
elements. However, the training official may elect to modify some or ali of the
existing data base, using the temporary SCRR data base, to determine the feasi-
bility of a proposed modification to training demand or resource availability,
Modifications to the data base might be made to:

a. Incorporate data from either the TPF or the ETE models.
b. Incorporate results of previous SCRR model runs.

C. Answer "what if" questions posed by training complex officials,
COMTRALANT, or CNET.

Formulate LP Objective Function and Constraint Equations. Linear programming
deals with the probTems arising out of the need to allocate limited resource
‘among competing activities to meet desired objectives. These problems are
characterized by the large number of solutions that satisfy the basic conditions
of each problem. The selection of a particular solution as the best solution

to a problem depends on some aim or overall ebjective that is implied in the
Statement of the problem. A solution that satisfies both the conditions of

the problem and tge given objective 1s termed an optimum solution. The complete
mathematical statement of a linear programming problem includes a set of simul-
taneous linear equations or inequalities which represent the conditions of the
problem, and a 1{near function which expresses the objective of the problem.

o 11-4
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The linear programming term "objective function" represents the target of the
iinear programming solution. The answer to the problem must satisfy this re-
quirement. The objective function must be clearly stated and expressed as a
linear mathematical function. The stated objective of the SCRR linear pro-
gramming model is to maximize the student throughput which a school or train-
ing complex can achieve in a specified time period subject to existing physical
resource constraints. This objective can be expressed mathematically as:

J
MAXIMIZE t C.X
Jid

=1
which is shorthand notation for saying

"MAXIMIZE C]X-l + CZXZ + 03)(3 LT CJXJ".

Where
Xj = number of annual convenings of course j.

Cj = normal capacity of students in course j based upon both training
considerations and physical considerations.

The LP problem formulation module constructs the objective function based on
the normal course capacities and reformats the function to satisfy the input
requirements of the LP module.

Several conditions or restraints must be considered in the formulation of the
SCRR linear programming problem. '

Course syllabi require a specific amount of classroom instruction time from one
or more instructors for each course convening. However, only a limited group
of instructors is qualified to teach each course. Therefore, the total amount
of time the group of instructors has available for classroom instruction limits
the number of times the course can be convened. The product of the classroom
instruction time and the number of convenings cannot exceed the total amount of
time each group of instructors has available.

Each course syllabus also requires that classroom and/or laboratory space be
available for each convening. The amount of time each facility is available
also represents a limitation to the number of times a course can be convened.
In addition to the constraints imposed by instructors, classrooms, and labo-
ratories, most courses are further restricted in that they must be convened
some minimum number of times to fulfill a minimum training requirement to train
a minimum number of individuals.

These conditions can be mathematically stated as a set of simultaneous inequal-
ities as follows:

a X; STCHy 1=21,2, ... 1
Z a s 3 = ’ p o .
§u1 i3 7 i

II-5
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Where
ajj = number of instructgn contact hours raquired by course
' syllabus for the i%" group/category of instructors for
one convening of course j.
TCHy = total contact hours available per year for the ith
group/category of instructors.
(2) O
zbkd xJ‘sTLAk k"-"]' 2' se K.
j=1
Where
bkj = nunber of hours of usage required from laboratory type k
for each convgning of course Jj.
TLA; = total hours per year which laboratory type k is available
for use. '
(3) J |
Ddgy X3 SCRA. m=1,2, ... M
=1
Where

dmj = number of hours of usage required from the type m classroom
for one convening of course j.

CRAm = total hours per year the type m classroom is available for
use.

(4) Xy > MIN;.
Where

MINj = minimum number of convenings per year for course j to meet
a minimum training requirement.

The formulation module constructs the entire set of simultaneous inequalities
described above, and reformats the constraints to conform to the input require-
ments of the LP module. The user must supply values for two program control
parameters to initiate the LP formulation module: (1) Dept. - specify the

name of one or more organizational departments (f.e., ASW, SUPPLY, TTM, etc.).
If no departments are listed, all training center departments will be included
in the model run; and (2) Objective - speciﬁy either “LO" to determine the
maximum student throughput and maximum convenings for each course possible
with the specified resources, or "FX" to determine the resources required

to achieve a specified throughput or number of course convenings.

I1-6
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Compute Linear Programming Solution. The linear programming module accepts
.formatted input from the LP problem formulation module and calculates efther
the maximum student throughput and maximum convenings of each course possible
per year subject to the expressed physical resource constraints, or the
quantity of resources required to attain a specified throughput or convening
schedule. Since many excellent texts which provide detailed methodolcgy for
linear programming computational procedures are available, these procedures

and associated mathematical proofs will not be included in this report. Several
of these books are 1isted in the bibliography (Volume I1I, Section VI). A more
extensive 1inear programming bibliography (nearly 500 b?oks and articles) can
be found in Dantzig's Linear Programming and Extensions'.

An IBM program product, Mathematical Programming System Extended (MPSX)Z. is
utilized to perform the linear programming computations. The MPSX 1incar
programming procedures use the bounded variable/product form of the inverse/
revised simplex method.

Perform Post-Optimal Sensitivity Analysis. The purpose of the sensitivity
analysis module 1s to provide information concerning the range of operations

in the neighborhood of the optimum solution as calculated by the LP module.

The sensitivity analysis will provide information relative to how changing
instructor, classroom, or laboratory utilization effects the optimal student
throughput, and the range of instructor, classroom, and laboratory utilization
hours for which the solution, as originally stated, remains optimal. The sensi-
tivity analysis will also generate information describing the effect of class
size on the optimal solution as well as the feasible range of annual convenings,
and the effect of changing the number of convenings on the optimal student
throughput. The information obtained from the sensitivity analysis should
prove to be as valuable as the specification of the optimum solution itself.

There are several reasons for performing a sensitivity analysis. Stability of
the optimal solution under changes of parameters may be critical. For example,
using the old optimum solution point, a slight variation in the required number
of convenings or in instructor requirements may result in a large unfavorable
di fference in the objective function (student throughput), while a large
variation in either of the parameters in another direction may result in only

a small difference. The training center official may find it desirable to

move away from the optimum solution when variables such as course demand, which
are not considered in the SCRR model, are taken into account. '

Instructor, classroom, laboratory requirements and availabilities, minimum con-
vening frequencies, and class capacities are to some extent controllable and it
would be advantageous to know the effects which would result from changing the
values of these parameters. Determination of the range of values for each of
the parameters for which the solution remains optimum will also identify those
parameters to which the optimum solution is extremely sensitive.

T

Linear Programming ard Extensions, by G. B. Dantzig (Princeton University
Press, princeton, N.J., 1963). _

. .
MPSX Linear and Separable Programming Program Description Manual (SH20-0968-1 .
(1B Corporation, Revised Augait R . J

11-7 -
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Format Optimal Solution and Sensitivity Analysis Output. From the operational

point of view, the key component of any moae‘ 1s the output module. Model out-
put represents the primary interface between the model and its user. The SCRR

model output is divided into three segments;

a. Requirements Specification Listing
b. LP Optimum Solution and Sensitivity Analysis - Resource Data
C. LP Optimal Selution and Sensitivity Analysis - Course Data.

Requirements Specification Listing. The requirements specification listing de-
scribes the necessary interface between the resource data bank and the linear

programming solution. The data for this segment of the SCRR output are generated
by the LP problem formulation module.

The requirements specification listing will 1ist, by name, the individual members
of each instructor group. The annual availability of individual instructors and
each instructor group will be noted. All courses instructed by the instructor
group will be listed by course number for each instructor group. The contact
hour requirement for that instructor group per convening, the current number of
annual convenings, and the normal class capacity will be noted for each course,
The 1isting will also show, by course number, all courses which utilize each
individual classroom and laboratory facility. The number of hours per con-
vening will be listed by course for each of the classrooms and labs.

LP Optimal Solution and Sensitivity Analysis - Resource Data. The LP module
output and the sensitivity analysis module output have been combined into a
single output format for all resource data. Instructor resources are jdentified
by instructor group number., Classrooms and laboratories are identified by
building and room number. The resource data output section 1ists the following
for each resource: '

a. Annual availability,

b. Annual utilization.

c. Hours per year not utilized. .

d. Percent utilization.

e. Upper and lower 1imits of resource utilization hours.
f. Student throughput change per unit resource change.

g. Identification of variable which 1imits utilization range, and whose
value will change as the resource level is modified.

LP Optimal Solution and Sensitivity Analysis - Course Data. As with the resource
data, the output from both the LP module and the sensitivity analysis module is
presented in a single report format for course data. Courses are identified by
COP numbers. The course data section lists the following for each course:

a. Maximum number of annual convenings.

I1-8
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b. Current number of scheduled convenings.
¢. Normal course capacity.
d. Range of annual convenings.
e. Student throughput change per course convening change.
f. Range of course capacities to which indicated solution can be applied.

g. Identification of variable which limits conveﬁings range, and whose
value will change as the convening level is modified.

Can Indicated Solution be Implemented? After the training complex official has
anaiyzed the Tinear programmgng optimal solution and the output from th: sensi-
tivity analysis, he is finally in a position to interpret and evaluate the
model results. To successfully interpret the model results, the official must
be fam! liar with the mathematical formulation of the linear programming problem.
The objective of this familiarization requirement is not to understand the
internal mathematical manipulations required to achieve the linear programming
solution, but to be aware of simplifications and deviations from reality that
were, of necessity, built into the initial linear programming formulations.
Modei resuits must be interpreted taking all assumptions and simplifications
into full consideration.

Assuming that the official either accepts the model results or modifies the
model output, based on his experience and intuitive feeling for the situation
being analyzed, his next task is to evaluate the results in terms of implementa-
tion feasibility. If, because of some physical, monetary, or political re-
strictfon, full or partial implementation is not feasible, the problem state-
ment must be reformulated utilizing any new data or insights resulting from the
initial problem solution and sensitivity analysis.

Reformulate Training Resource Problem Incorporating Sensitivity Analysis Results.
The probiem rerormuiation module, together with the DOTS data base and data from
the TPF and ETE models, feeds the data modification module (see Figure II-1). The
reformulation component completes the iterative cycle. Based on SCRR model re-
sults, experience, and intuition, an official has the ability to modify initial
problem statements or to develop new potential alternative solutions to be
evaluated. At this point, the official need only remodify the DOTS data base

to initiate an additional cycle of the iterative process.

Data From Training Process Flow and Education Technology Evaluation Models.
e results of the TPF and the ETE modeis may suggest modifications to several

of the SCRR model variables; e.g.:

a. Several courses should be individualized, reducing instructor require-
ments and calling for modifications to classroom and laboratory space
requirements. . ~ '

b, Student/instructor ratios should be increased for the lab sessions in
several courses to reduce failure rates.

I1-9

ERIC 22

Full Tt Provided by ERIC.



TAEG REPORT NO. 12-2

c. Convening frequencies should be increased to reduce the wait time
required to attend several courses.

d. Convening frequencies should be reduced for low utilization courses.

The DOTS data base can be modified, using the temporary SCRR data base, to
reflect changes such as those listed, prior to initiating the SCRR model.

INPUT PARAMETERS DESCRIPTION

el SCRR model input parameters contained in the DOTS data base are described
elow. .

COURSE DESCRIPTION (TEN POSITION CHARACTER FIELD - FORMAT = X-XXX-XXXX). Courses
are identified by a seven or eight position alphanumeric designator. A prefix
letter identifies the activity holding curriculum/eligibility control of the
course; i.e., "A" for Bureau of Naval Personnel, "J" for Training Command,
Atlantic, and "K" for Training Command, Pacific. A middle grouping will consist
of a number and a letter or a three digit number. The number and letter in-
dicate an officer skill. The three digit number indicates an enlisted course.

A ;gnaI grouping is made up of four digits which indicate the course sequence
number. : .

CDP NUMBER (FOUR POSITION CHARACTER FIELD - FORMAT = XXXX). The CDP number is
a four digit alphanumeric number used by NITRAS as a course identifier. Each
course !3 assigned a unique CDP number. A1l data elements contained in the
training resource data base are keyed to the CDP number.

COURSE LENGTH (THREE POSITION NUMERIC FIELD - FORMAT = XX.X). Course lengths
are stored in weeks. One-half day is equivalent to 0.1 week.

CLASS INPUT CAPACITY (THREE POSITION NUMERIC FIELD - FORMAT = XXX&. The planned
maximum number of students that can attend any one convening of the course.
Capacities are based upon training considerations such as instructor to student
ratio, availability of training equipment, workshog. laboratories, and mock-up
faci1ities, as well as physical considerations such as classroom size.

NUMBER OF CONVENINGS PER YEAR (THREE POSITION NUMERIC FIELD - FORMAT = XXX).

The number of times each course is scheduled to convene over the next twelve

months. Course schedules are based on course capacities and projected train-
ing requirements.

STUDENT/INSTRUCTOR RATIO (THREE POSITION NUMERIC FIELD - FORMAT = XX.X). A
numerical index describing the number of trainees per instructor.

CONTACT HOURS (FIVE POSITION NUMERIC FIELD - FORMAT = XXXX.X). The number of
instructional contact hours taught at a given ratio of trainees per instructor.
A contact hour represents sixty minutes of instruction. This refers to clock
hours of curriculum time devoted to actual instruction, exclusive of breaks,
administrative time, lunch, medical, dental, etc.

NUMBER OF INSTRUCTORS (THREE POSITION NUMERIC FIELD - FORMAT = XXX). The
number of instructors required to conduct the class for the indicated number
of instructional contact hours. The number of instructors is determined by
dividing the class capacity by the student/instructor ratio.

l II-10 23
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CONTACT HOUR TYPE (ONE POSITION CHARACTER FIELD - FORMAT = X). Contact hours
are classified as either theory/classroom hours or laboratory hours. Theory
hours refer to those hours spent in the presentation of subject matter
primarily utilizing discussion, lecture, demonstration, or programmed instruc-
tion methods of presentation. Laboratory hours include those instructional
hours involving actual or simulated job experience. In addition to laboratory,
this includes shop, 1ine, and field instruction. :

INSTRUCTOR NUMBER (THREE POSITION NUMERIC FIELD - FORMAT = XXX). An identifica-
tion number assigned to each instructor to simplify data manipulation.

CURRENT ASSIGNMENT (ONE POSITION CHARACTER FIELD - FORMAT = X). Denotes that
an instructor is currently assigned to a particular course. An instructor may
be assigned to more than one course in situations where course lengths are less
than convening frequency. Thus, an instructor assigned to a one week course
which is convened the first week of every month, could also be assigned to
another one week cours2 which is convened the third week of every month.

INSTRUCTOR AVAILABILITY (FOUR POSITION NUMERIC FIELD - FORMAT = XXXX). The

number of hours per year an instructor has available for classroom instruction.

The following activities are excluded from the contact hour availability figure:

supervisory- requirements; military duties; preparation for instruction; duties

:glated to instruction; annual leave; illness; special training; and break-in
ime.

RELATED COURSE NUMBER (FOUR POSITION CHARACTER FIELD - FORMAT = XXXX).
Identifies an additional course(s) which is also instructed by the same in-
structor group. An instructor group is comprised of one or more instructors,
all of whom teach the same course or group of courses. The related course in-
formation is included in the data base to facilitate the formulation of the
linear programming constraint equations.

INSTRUCTOR GROUP (THREE POSITION NUMERIC FIELD - FORMAT = XXX). The instructor
group designator is used to subdivide total course instructor requirements be-
tween two or more instructors or groups of instructors. For example, a one
week course is comprised of four days of classroom lecture and discussion with
_an instructor requirement of one, and one day of laboratory work with a require-
ment for two instructors. The total contact hour requirement for this course
would be 36 hours [4 days x 6 hrs/day x 1 instructor] + [1 day x 6 hrs/day x
2 instructors]. Instructor A teaches both classroom and laboratory sections of
the course and, therefore, is associated with thirty of the thirty-six required
contact hours. The remaining six hours are associated with instructor B who
assists with the lab portion of the course. The instructor group designator is
used to subdivide the total thirty-six hour requirement between the two in-
structors. Instructor group one is assigned to instructor A and instructor
group two is assigned to instructor B. A1l instructors are assigned an in-
structor group number. Each instructor can be a member of only one instructor
group. The group number is used to relate specific instructors or groups of
instructors to specific instructional requirements and to specified related
courses., Assuming instructor A also teaches course X and instructor B also
teaches course Y, both X and Y would be noted as related courses, course X
through instructor group one and course Y through instructor group two. As
with the related course number element, this data element is also included

I11-11
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primarily to facilitate constraint equation formulation within the computa-
tion module.

CLASSROOM (EIGHT POSITION CHARACTER FIELD - FORMAT = XXXXX[BLDG]XXX[RMI).
Classroom and laboratories are identified by both building and room number.

ROOM TYPE (ONE POSITION CHARACTER FIELD - FORMAT = X). Room type is used to
further describe the available spaces. Type has been divided into three cate-
gories: (1) laboratory usage only - permanently installed equipment (includes
training devices, simulators); (2) lecture usage only; and (3) both classroom
and laboratory.

ROOM CAPACITY (THREE POSITION NUMERIC FIELD - FORMAT = XXX). The capacity
represents the number of students that can be effectively instructed in the
identified space. Room capacities are a function of the number of equipments
installed in the space and/or the number of desks or chairs which can be posi-
tioned in the space. The equipment variable is incorporated into the descrip-
tion of the classrooms and laboratories, and equipment constraints are included,
by definition, in room capacities. '

REQUIRED HOURS (FIVE POSITION NUMERIC FIELD - FORMAT = XXXX.X). Required
hours represent the number of hours the indicated space is required to convene
one session of the referenced course.

AVAILABLE HOURS (FIVE POSITION NUMERIC FIELD - FORMAT = XXXXX). The number of
hours, on an annual basis, the space is available for instructional purposes.

OATA ELEMENT SOURCE. Data elements in the DOTS data base which are utilized
by the SCRR model are derived from two primary sources. The following data
elements can be obtained from CNTECHTRA Instructor Computation form 5311-1.

a. Course Identification

b. Course Length

c. Class Input Capacity

d. Convenings Per Year

e. Student/Instructor Ratio

f. Contact Hours

g. Number of Instructors

h. Contact Hour Type.
A completed CNTECHTRA form 5311-1 for each course of instruction at FLETRACEN
NORVA is on file with the center's Director of Training. The remaining data
items, while not systematically maintained and not available from a single
point of contact at the training center, are available from each of the

center's eleven school directors. Training center officials will be respon-
sible for the accuracy of the data base contents.
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OUTPUT PARAMETERS DESCRIPTION

The SCRR model utilizes a linear programming technique to optimize student
throughput, subject to Timitations of resources required to convene training
courses. One of the model output parameters, number of course convenings, pro-
vides the basis for the student throughput calculation for each model run. Class
capacity is also a factor in the throughput calculation, but capacity remains
constant for each model run. The levels of resources required to achieve the
optimal student throughput are the only other model output parameters. One
section of mocdel output dealing with the LP optimal solution and the sensitivity
analysis results is devoted to each type of parameter. The Requirements Speci~
fication Listing provides the model user with a cross-tabulation of courses and
resource requirements. The Requirements Specification Listing is created by the
LP problem formulation module. The objective of the iisting is to correlate the
DOTS data base input with the LP Optimal Solution and Sensitivity Analysis output.
The two types of model output parameters will be described by an explanation of
the three SCRR model output listings:

a. Requirements Specification Listing

b. LP Optimal Solution and Sensitivity Analysis - Resource Data
c. LP Optimal Solution and Sensitivity Analysis - Course Data.

REQUIREMENTS SPECIFICATION LISTING. A sample printout of the Requirements
Specification Listing is presented in Figure II-2. The listing correlates the
training resources - instructors, classrooms, and laboratories - with specific
course numbers. The DOTS data base is organized by course. It contains course
statistics and delineates training resource requivements for each course. The
Requirements Specification Listing is organized by resource. It denotes all
courses which have a requirement for that particular resource. For example,
from Figure II-2, instructor group 003 is required 27 hours per course 510G
convening and 105 hours per course 5698 convening. Room 180 in building N-30
is rquired 42 hours per course O11A convening and 48 hours per course 536p
convening.

The specification listing also identifies the members of each instructor group
by instructor number and name. Total available contact hours per instructor
are also noted. It should be pointed out that the instructor group numbers
appearing in both the Requirements Specification Listing and the LP Optimal
Solution and Sensitivity Analysis output are identical to each other, but are
not related to the group number used in the DOTS data base.

Instructor group numbers are not permanently assigned. The numbers are assigned
sequentially each time the SCRR model is run and are a function of the set of
courses included in the modei run. The members of the instructor group will
remain constant unless modified in the DOTS data base. For example, in the

SCRR model run from which Figure 1I-2 was extracted, instructor group 004 has
two members -- Atwood and Colburn. If the SCRR model was run for a different
set of courses, Atwood and Colburn may become instructor group 002 or group

037, or some other group number. However, regardless of the set of courses for
which the SCRR model 1s run, Atwood and Colburn will always constitute one
instructor group as long as they are assigned to courses 510V and 510W.
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gt AVHUNBLE

DOTS SUPPORT UTILITY===SCAR MODEL INTERFACE
INSTRUCTOR GROUP 004  NUMBER NAME HOURS
3 HUNT 1000
COURSESS NUMBER CAPACLTY CONVENINGS REQUIREMENTS
Olla 10 14 18

INSTAUCTOR GROUP 0023  NUMBER NARE HOURS
@l VIERRE THER 1000

COURSESS NUMBE" CAPACITY GONVENINGS REQUIREMENTS
310G 12 b 60

INSTRUCTOR GRUUY 0033 NUMBER NANE HOUKS
40 PAUL 1000
COURSESS NUKRER CAPACITY CONVENINGS REQUIREMENTS
5106 12 o 2
5688 1\ L 105
INSTRUL I GRUUP 0043 NUMBER NAME HUURS
128 ATWOUL 1000
129 COLBURN 1000

COURSES: NUMRER CAPACITY LONVENINGS REUUIREMENTS
510V 10 12 n

Siom 10 26 18
INSTRUCTOR GROUP 0053  NUMBER NANME HOURS
132 STRELY 1000
133 JUYCE 1000
134 " STEWARTY 1000 . '
COURSESS NUNBER CAPACITY CONVENINGS REGUINEMENTS
5107 16 24 100
INSTRUCTOR GROUP 0063  NUMBER NANE HOURS
13% STEPHENS 1000
136 BROOKRS 1000

COURSESS NUMBER CAPACITY CONVENINGS WEQUIREMENTS
S36x 10 $0 28

INSTRUCTOR GROUP 007t  NUMBER NAnME HOURY
130 wilLSON 1000
131 BROWN 1000

COURSESS NUMBER CAPACITY CONVENINGS WEWUIREMENTS
SInP 8 12 48

SNSTRUCTOR GROUP 0083  NUMBER NANE HOURS
2l OBERLE 1000
22 WAGNER 1000

COURSESS NUMBER CAPACITY COMVENINGS REQUIREMENTS
5698 12 L) 2%%

-

ROOM PLILNMGA - Z2080.0 WOURS AVAILABLE. si0w - 12.0
ROOM N=19A120 - 2080,0 MOURS AVAILABLE. 5107 = 40.0
A0ON N=19A122 ~ 2080.0 HOURS AVAILABLE. 5107 -  20.0
. AGON N~30 106 = 2080.0 HOURS AVAILABLE. 5106 - 33.0
ADCH N=30 107 - 2080.0 HDURS AVAILABLE. 5106 = 27.0 5698 - 105.0
ROON N-30 108 - 2080.0 HOURS aVAILABLE. 5698 = 45,0
ADON N-30 167 - 2080.0 HOURS AVAILABLE. 936k = 2040
ROOM N=30 180 - 2080.0 HOURS AVAILABLE. 0114 - 42,0 536p -~  48.0
ROOM N-30 181 - 2080,0 MOURS AVAILABLE. S0V - 3040 510w - 640

FIGURE I1-2 REQUIREMENTS SPECIFICATION LISTING
ERIC | [1-14
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LP OPTIMAL SOLUTION AND SENSITIVITY ANALYSIS - RESOURCE DATA. The linear pro-
gramming module calculates the number of course convenings required to maximize
student throughput. This portion of the SCRR model output specifies the level
of resources required to attain the optimal number of course convenings. The
output specifies the levels to which each individual resource can increase anr
decrease before it is required to rerun the SCRR model. Also identified is the
incremental student throughput change per unit increase or decrease up to those
levels. This output assumes that the rest of the problem is unaltered; that
is, the remaining input data are left constant, and the solution {5 adjusted as
necessary to maintain feasibility and optimality.

Resource. An example of the LP Optimal Solution and Sensitivity Analysis -
Resource Data output is shown in Figure II-3. The first column identifies the
resources required by each of the courses processed by the model. The same
resource name can be located in the Requirements Specification Listing which
provides the model user with detailed resource data. For example, IGO0l in
Figure II-3, is identified as instructor group 001 in Figure I1-2. From Figure
II-2, only one instructor (No. 3, Hunt) belongs to the group. IGO0l instructs
only one course; O11A which requires 78 IG001 contact hours per convening.

Annual Availability. Column two in Figure I1I-3 (Annual Availability [Hours])

denotes the number of hours per year each resource i .vailable to fulfill

course requirements. Instructor group availability represents the sum of the

availabilities of the individual members of the group. Individual instructor

contact hour availability figures do not include the following activities:

supervisory duties; military duties; preparation for instruction; duties re-

l?ted to instruction; annual leave; illness; special training; and break-in
me.

Annuai Utilization. The annual utilization column identifies the number of
hours per year each resource is required to achieve the optimal number of
course convenings.

Hours Underutilized. Hours underutilized or resource slack time represent the
ditterence between annual availability and annual utilization.

Percent Utilization. Percent utilization is the ratio of utilization to
availa ty.

Resource Utilization Range. The resource utilization range indicates the level
to which each resource may be increased or decreased without rerunning the SCRR
model. Changes in resource level beyond this range will necessitate modifyin?
the data base to reflect the new resource levels, and rerunning the SCRR model.
Resource utilization changes within the specified range will affect the value
of the optimal solution which is stated in terms of optimal student throughput.
The magnitude of this effect (either positive or negative) is indicated.by the
next column, Throughput Change Per Unit Resource Change.

An example will illustrate the above explanation. 1G001 (from Figure II-3)
uti{lization range 1s 936-2793 hours. IGOO1 optimum utilization level is equal
to tts annual availability, or 1000 hours. If IGOO1 availability were to
decrease below 936 hours, the indicated optimal solution would change. From
the Rejuirements Specification Listing (Figure II-2), it is seen that IGO0l
instructs course 011A. Since minimum IGO0l requirements for course O11A are
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936 hours (78 hours per convening X 12 convenings per year), a decrease below
936 hours would result in an infeasible solution. IG001 utilization also can-
not be extended beyond 2793 hours without changing the optimal solution.

A utilization decrease in the range of 936-1000 hours would decrease the
indicated optimum student throughput by 0.038 for each hour of decreased
utilization. On the other hand, should utilization be allowed to increase be-
yond the 1000 hour level, the optimal student throughput would increase by
.038 per hour of increased utilization.

Throughgut Change Per Unit Resource Change. This column identifies change in
the optimal student throughput which wiil result from a one hour change in
resource utilization. As long as the resource utilization level remains with-
in the indicated utilization range, the SCRR model need not be rerun. The
effect of the resource change can be determined by a simple calculation using
the throughput change per unit resource change.

‘The sensitivity analysis output, in particular the Throughput Change Per Unit
Resource Change column, assumes a continuous relationship between the parameter
representing the course convenings and the resource requirements parameter.

For example, if 10 contact hours are required to convene a course one time,

it 1s assumed that 11 contact hours will result in 1.1 course convenings, 15.5
contact hours will net 1.55 convenings, and 20 contact hours will provide 2
course convenings. Since all convenings are stated in terms of convenings

per year, it 1s pussible to interpret a fractional convening as a course which
convenes prior to the end of the year but does not conclude until the following
year; i.e., 0.5 convenings indicate that a course is one-half complete at the
end of the year. However, except for this year-end interpretation, fractional
convenings have no meaning in the real world. Once a course is convened it

.1s always completed. Therefore, in reality the convening-resource relationship,
although linear, is not continuous. It is important that the model user keep
this fact in mind when interpreting the sensitivity analysis output.

Another exampie from the LP Optimal Solution and Sensitivity Analysis - Resource
Data output (Figure 1I-3) will be used to demonstrate the significance of the
throughput change per unit resource change. The utilization range of 16002

is indicated to be 392-822 hours. IG002 annual availability is equal to 1000
hours, while the indicated optimal solutien requires a utilization level of 822
hours. If IG002 utilization were to decrease from 822 hours, the SCRR model
would not have to be rerun since it can be seen from the throughput change
colunn that student throughput will decrease by .149 for each hour of decreased
1G002 utilization. However, since in reality, instructor resources are not
applied or reduced on an hour by hour basis, let us examine the time consequence
of the above statement. Examination of Figure 1I-2 indicates that 13002 in-
structs course 510G. Sixty 16002 contact hours are required for 510G convening.
Therefore, 1G002 resource will be used in 60 hour increments. A 60 hour deciease
in 16002 utilization will decrease total student throughput by 8.9 (.149 per
hour X 60 hours). This is an interesting result. Since we are decreasing

total 510G convenings by one convening, we would expect the student throughput
to decrease by 12 (5106 class capacity). The Limiting Variable column (see
explanation and example in following subsection) indicates that 5698 convenings
will change as 1G002 utilization is decreased. The connection becomes clear
when we examine 16003 data in the Re?uirements Specification Listing (Figure
11-2). Since 16003 instructs both 510G and 5698, 510G convenings decrease and
5698 convenings can be increased, although not on a one-to-one basis.
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The minimum IG002 requirement for course 510G is 360 hours (60 hours per con-
vening X 6 convenings per year). The difference between the optimal 16002 .
utilization level of 822 hours and the minimum 510G requirements is used to
increase the number of 510G convenings and, therefore, the student throughput,
since (from Figure I1-2) 16002 is not qualified to instruct any other courses.
The ability to increase 510G convenings is meaningful only if corresponding
increases in demand for course 510G can be projected. If no increased demand
can be projected for 510G, then 510G convenings should be maintained at the
current level. If the decision is made to maintain the current level of 510G
convenings, then IG002 will be underutilized 640 hours (1000 hours availability
=360 hours required for 510G). These 640 hours could then be devoted to
cross-training 1G002 to qualify to instruct additional courses (the SCRR model
can assist in the identification of courses which require additional instructors)
or to perform other duties.

Limiting Variable. This column identifies the variable which 1imits the uti-
TizatTon range. Again referring to Figure II-3 and resource IG001, the column
labeled "Limiting Variable" indicates that as IGO01 utilization level is de-
creased from 1000 hours to a level of 936 hours, course 011A convenings will
change. With the assistance of the Requirements Specification Listing (Figure
11-2), this fact becames obvious. As the instructor resource level is decreased,
the number of course convenings must also decrease since these two variables
are directly proportional. Similarly, as IGOO1 utilization is increased above
the 1000 hours level, course 536P convenings will decrease. Since 011A and
536P share the same classroom (see Figure II-2), as O11A convenings increase,
536P convenings must decrease. The minimum 536P requirement for classroom 180
in building N-30 is 576 hours (48 hours per convening X 12 convenings per year).
The remaining availability of room 180 becomes 1504 ?2080-576) hours. Since
011A requires 42 hours per convening, course 011A can theoretically be convened
35.81 times in the remaining 1504 hours. 35.81 convenings X 78 hours per con-
vening establishes the 2793 hour upper 1imit for 1G001 utilization.

LP OPTIMAL SOLUTION AND SENSITIVITY ANALYSIS - COURSE DATA. The optimal number
of annual courss convenings which will maximize student throughput is calculated
by a linear programming technique. The sensitivity analysis provides informa-
tion regarding the sensitivity of the optimal solution to changes in the input
data, and the solutions that result from such changes. The levels to which the
class capacity and the number of annual convenings can increase and decrease
before tﬁe optimal solution changes are contained in the course data section

of the LP Optimal Solution and Sensitivity Analysis output. It also gives the
incremental change in student throughput per unit increase or decrease in

course convenings up to these levels., As with the resource data output, the
course data sensitivity analysis assumes that variables are changed individually
and that the rest of the problem remains unaltered. A sample of the LF Optimal
Solution and Sensitivity Analysis - Course Data output is shown in Figure I1I-4,

Course CDP Number. A1l courses are identified by the four digit CDP number.

Maximum Annual Convenings. This column 1ists the optimal number of annual
course convenings for each course. The optimal number of convenings is that
number of convenings which maximize total student throughput subject to the
resource limitations identified in the previous output section. Any other
combination of numbers of convenings for the same set of courses is either not
feasible or will result in a lower student throughput. As an example, the
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optimal number of convenings for course O11A is shown to be 12.8 (from Figure
11-4). Since the number of convenings is established for a one year period,
fractional convenings can be interpreted to mean that the course was convened
but not completed in the same year. Therefore, 12.8 convenings are equivalent
Eﬁ 13 convenings with the last being eighty percent complete at the end of

e year,

Current Scheduled Convenings. The current number of scheduled convenings
iisted 1n this column is identical to the number of convenings stored for each
course in the DOTS data base. This number is established as a lower bound for
the maximum annual convening parameters discussed above. In effect, the lower
bound represents an additional constraint to the LP problem. The constraint
to the variable representing the number of convenings for course 011A states
that 011A convenings must be greater than or equal to 12.

_Class Input Capacity. The Class Input Capacity is also retrieved from the DOTS
data base. The class capacities are the LP objective function coefficients.
Student throughput is established by multiplying the capacity of each class
by the optimal number of convenings calculated for that course.

Capacities are based upon training considerations such as instructor to student
ratio, availability of training equipment, workshop, laboratories, and mock-up
facilities, as well as physical considerations such as classroom size.

Annual Convenings Range. The Annual Convenings Range indicates the upper and
Tower 1imits for the number of annual convenings parameter. The current LP
solution remains optimal for all values of the convenings parameter within this
range. However, as the number of annual convenings is varied from the indicated
optimal, the maximum student throughput will either increase or decrease by the
factor printed in the next column, Throughput Change Per Course Convening Change.
The specified lower bound, which is the number of current scheduled convenings,
is ignored in calculating the range of annual course convenings. For example,
the range of annual convenings for course 510W is -6.7-91,1. The solution
which maximizes student throughput is 91.1 convenings. The current number of
scheduled convenings is 24 per ycar. If 10 convenings less than the optimal
91.1 were scheduled, the total student throughput would decrease by 40 (4 per
convening). Note that the student throughput drops by only 4 per convening,

in spite of the fact that 510W class capacity is 10. From Figure II-2 we see
that courses 510V and 510W utilize the same instructor group. Therefore, as
5104 convenings :-e decreased, additional convenings of 510V can be scheduled.
But since 510V uses more instructor resource per convening, less 510V convenings
can be scheduled with the resources made available by reducing 510W convenings.

The Annual Convanings Range also provides an indication of the effect of class
size on the LP optimal solution. The current solution will remain optimal for
class sizes in the range noted by the Class Capacity Range column. As the
class size drops below the capacity range minimum, the optimal number of con-
venings will decrease to the convening range minimum, if that quantity is
greater than the current number of scheduled convenings. If the convening
range minimum is less than the Current Scheduled Convenings, then the optimal
number of course convenings will be set equal to the Current Scheduled Ccn-
venings. For example, from Figure II-4, the optimal number of convenings for
course 011A is 12.8 based on a class size of 10 students. Should the class
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size drop below seven (Class Capacity Range minimum), the optimal number of
convenings wou;d decrease to 12 since the Annual Convening Rar,e minimum (1.9)
is less than 12.

The optimal number of annual convenings for course 510G is 13.7 for a class
size of 12. If the class size drops to three or less, the optimal convenings
for that course will decrease to the Annual Convening Range minimum (6.5),
rather than the Current Scheduled Convenings (6.0). The student throughput
for the new optimal solution will decrease by 64.1 (decrease of 7.2 convenings
X 8.9 student throughput decrease per convening).

Throughput Change Per Course Convening Change. This column indicates the change
in the optimal student throughput wn%cn wiii result from a change in the number
of course convenings. As long as the number of course convenings remains within
_the range indicated by the Annual Convening Range column, the SCRR model need
not be rerun. The effect of a change in the number of convenings can be deter-
mined by a simple calculation using the Throughput Change Per Course Convening
Change. Again, referring to Figure II-4, if course 5698 convenings were to in-
crease from the six per year optimal to seven per year, the total student through-
put would decrease by 34.7. From Figure II-2, courses 5698 and 510G share 1GO003.
Increasing 5698-convenings from 6.0 to 7.8 shifts 189 hours of IGO03 time from
510G to 5698. This 189 hour shift increases 5698 convenings by 1.8, but reduces
possible 510G convenings by 7 (189 ¢ 27 hours per 510G convening). Therefore,
student throughput will drop even though 5698 convenings are increased.

Class Capacity Range. This column indicates the range of class capacities for
which the nagcafed'ibtimal number of course convenings will remain unchanged.

A decrease in class size to below the capacity range minimum will cause the
optimal number of convenings to decrease to either the number of current sched-
uled convenings or the convening range minimum, whichever is greater. An in-
crease in class size to beyond the capacity range maximum will increase the
number of course convenings to the convening range maximum. Using course 510V
from Figure 1I-4 as an example, if the class size were increased from the current
level of 10, to 17 or more, the optimal number of convenings would increase to
52.3 per year from the current level of 12.

Limiting Variable. This column identifies the variable which 1imits the con-
venings range and whose value will change as & result of a variation from the
optimal convening level within the course convening range. Several examples
from Figure 11-4 will clarify the significance of this column. As the number
of course O11A convenings are decreased from the indicated optimum, IGOO1
utilization will decrease from the 100 percent shown in the SCRR output. This
relationship is obvious since a decline in convenings will result in lower
resource requirements.

As course 510G convenings decrease from the optimal, course 5698 convenings
will increase from the Current Scheduled Convenings level. 1G003 is shared
by courses 5106 and 5698. A decrease in 510G convenings, will increase the
level of 1G003 resources available for course 5698. Decreasing course 510G
convenings will reduce the total student throughput by 8.9 per convening
deleted.

o 11-20 15
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Reducing course 5698 convenings from 6 to 5.2 will increase IG002 utilization.
At 5.2 convenings, 1G002 utilization will reach 100 percent. Therefore, a
decrease in 5698 convenings below 5.2 will result in a Throughput Change Per
Unit Resource Change other than 34.7. Similarly, 5698 convenings can be
increased to 7.8 per year by increasing 1G0O08 utilization to 100 percent.

MODEL/DATA BASE COMMUNICATION

The values for all input parameters which must be supplied to the SCRR
model are stored in the data base. These parameter values are accessed and
processed by the SCRR model component which formulates the LP objective function
and constraint equations. The data accession process does not require usayr in-
tervention, however, the user may limit the amount of data processed by the
model to one or more schools. Unless specific school names are identified on
the model control card, all training complex schools will be processed.

Data flow between the data base and the SCRR model is strictly one way. There
is no direct feedback from the model to the data base. Data base maintenance
is performed independently of model operation.

To demonstrate SCRR model and data base interaction, the resource requirement
algorithm will be discussed in detail. The algorithm is implemented within the
LP problem formulation module. The objective of the algorithm is to extract
from the data base the data elements required to construct the Resource Require-
ment Matrix shown in Figure II-5. .
s
The data base printout for course (CDP number) 536K is presented in Figure I1-6.
The first step in the algorithm is to calculate the instructor requirement for
the course. Two instructors are required for eight hours of 1ab work, and one
instructor is required for twelve hours of classroom presentation. The total
instructor contact hour requirement for course 536K is 28 hours. A1l require-
ments are fulfilled by instructor group 1. There are two instructors (135 and
136) currently assigned to course 536K who belong to instructor group 1. From
the instructor data base (Figure [1-7), it is determined that both instructor
number 135 and 136 are available 1000 hours per year. Therefore, the total
availability of instructor group 1 is 2000 hours. The absence of related
course data for 536K indicates that instructors 135 and 136 are not currently
instructing any additional courses. With this information, the firsi row of
the Resource Requirement Matrix (Figure II-5) can be completed. Twenty-eight
instructor group 1 contact hours are required per convening of course 536K.
Instructor group 1 has a totai annual availability of 2000 hours.

Returning to Figure 11-6, it is seen that 536K has an additional requirement of
20 hours per convening for classroom 167 in building N-30. The same room is
used for both classroom and lab sessions. It has an annual availability of
2080 hours. This information is also transferred to the requirements matrix.

Finally, the algorithm calls for the establishment of the minimum number of
annual convenings for 536K. The number 50 is read from the data base and
temporarily stored with the requirements matrix. When the requirements matrix
has been established for all specified courses, the data are reformatted for
input to the LP routine.
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)
qz%zh so | 24 | 12 )28 |12 6| 6|12
- RESOURCE
RESOURCE "\, | 636K | $107 | 510V | s1ow | 536P | 510G | 5638 | o1 1A AVAILABILITY
INSTR GRP 1 | 28 | 2000
INSTR GRP 2 100 3000
INSTR GRP 3 30 | 18 2000
INSTR GRP 4 48 2000
INSTR GRP 5 60 1000
INSTR GRP 6 27 | 108 1000
INSTR GRP 7 | 255 2000
INSTR GRP 8 78 1000
N-30 157 20 2080
N-19A 120 40 2080
N-19A 122 20 2080
N-30 18] 2 | 6 2080
FLTLN HGR 12 2080
N-30 180 @ | 42 2080
N-30 106 33 2080
N-30 107 27 {105 2080
N-30 108 45 2080

FIGURE II-5 RESOURCE REQUIREMENT MATRIX
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* FIGURE 1I-6 DATA BASE LISTING - COURSE 536K

FIGURE II-7 INSTRUCTOR FILE LISTING
I1-23
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The resource requirement algorithm is repeated for course 5107. The algorithm
sequentially numbers the instructor groups as they are added to the require-
ments matrix. Course 5107 has a requirement of 100 instructor group 2 contac:
hours per convening. Instructor group 2 annual availability is 3000 hours.
Classrooms 120 and 122 in building N-19A are required 40 and 20 hours re-
spectively per convening. To fulfill minimum train.ng ‘equirements, course
5107 must convene at least 24 times per year.

One final erample in which a single course is instructed by multiple instructor
groups and & single instructor group instructs more than one course, will be
examined. Referring again to the Resource Requirement ilatrix, Figure I[I-5,

it can be seen that both course 510G and 5698 have requirements for two in-
structor groups and that one of these groups instructs both courses. The re-
quirements algorithm first calls the data elements describing course (CDP
number) 510G from the data base (see 510G data printout, Figure II-8). Contact
hour requirements are specified for two instructor groups. Instructor group 1
is required for 33 hours of classroom lecture, plus an additional 27 hours of
lab, for a total of 60 hours per convening. Only one instructor (41) currently
assigned to course 510G is included in instructor group 1. From the instructor
file (Figure II-9), instructor 41 is avai'able 1000 hours per year. Since no
related courses are specified for instructor group 1, the above information is
entered in the requirements matrix (Figure II-5) in the instructor group 5 row.
Group numbers are sequentially assigned in the construction of the require-
ments matrix and have no meaning except to differentiate between groups.

Referring back to Figure 1I-8, instructor group 2 is required 27 hours per
convening for lab instruction. Instructor group 2 consists of only one in-
structor (40) who (from the instructor file, Figure I[1-7) is available 1000
hours per year. However, from the related course data, instructor group 2 is
also utilized for course 5698. Course file data for course 5698 are presented
in Figure II-9. Instructor group 2, whose sole member is instructor 40, is
required 105 hours per convening of course 5698 for lab instruction. The re-
quirements matriv shows a requirement of 27 hours per convening of course 510G
and an additional requirement of 105 hours per course 5698 convening, against
a total availability of 1000 hours for instructor group 6.

The convening frequencies and space requirements for courses 510G and 5698
were also read from the course file and entered in the requirements matrix
according to the nrocedures previously described.

A11 Resource Requirement Matrix data plus the identification of instructor
group members, are available to SCRR model users in the Requirements Speci-
fication Listing.

LOGIC DESIGN

A mathematical model of a system is a collection of mathematical relation-
ships which characterize the feasible solutions of the system. By feasible
solutions, is meant those solutions which can be carried out under the system's
limitations. The technique utilized to solve the SCRR mathematical model is
linear programming. Linear programming establishes the optimal system
solution by 1teratively evaluating feasible solutions against an expressed
objective. Before the linear programming technique can be used, several
basic requirements must be fulfilled. This section will discuss these basic
requirements and demonstrate that these requirements are fulfilled by the
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FIGURE II-8 DATA BASE LISTING - COURSE 510G
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QUAL BACK CONV  LEN QUOTAS CHNG OFF QUOTAS LEN CONV
TIME LOG PER YR WKS BUPRS CLASS DATE SET BUPRS CLASS WKS PER YR
20.0 WKS 0 WKS 6 5.0 0 12 0 o ¢ 0 0.0 0
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RELATED COURSES: COP  GROUP
5106 2
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R
FIGURE II-9 DATA BASE LISTING - COURSE 5698
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SCRR model application. Also included in this section is a discussion of the
real world interpretation of a linear programming optimal solution. Assumptions
and Timitations relative to the SCRR mathematical model variables are also
discussed.

LINEAR PROGRAMMING BASIC REQUIREMENTS. As the name "linear programming" implies,
both the objective function and every constraint function must be linear.
Linearity is a primary requirement of linear programming. A linear relationship
is essentially defined by two properties, proportionality and additivity. In
addition to these two major characteristics, three additional requirements must
be adhered to: nonnegativity; divisibility; and deterministic coefficients.

Proportionality. Linearity requires a proportionality or a simple multiplica-
tive relafionsﬁip between the units of resource requirements and the number of
convenings of each course. For example, if six instructor 1 contact hours are
required to convene course A one time, then 12 hours are required for two con-
venings, and 24 hours are required for four convenings, etc., assuming a constant
class size. The amount of resource required is the same for the n-th convening

as it is for the first. This is an important property of linearity from the
practical point of view. If, for example, it was the case for some instructional
curriculum that 60 hours of a given resource were required to attain 30 convenings
of some course, but only 100 hours of the resource were required to attain 60 con-
venings of this course, then the proportionality assumption would not hold. It is
obvious, assuming that class size is held constant for each model run that for the
SCRR model application, the resource requirements are proportional to the number
of course convenings and to the student throughput for a constant class size. The
objective function of the current SCRR model formulation is to maximize student
throughput based on specified course capacities. Course requirements are calcu-
lated based on a constant class capacity. Subsequent model runs may be made for
different class sizes. Therefore, for each model run, throughput will be

linearly related to resource requirements. .

Additivity. The additivity property of linear relationships states that the
measures of effect as calculated through the objective function, and the levels
of resources as expressed in the constraint equations, must both be additive.
The objective function measure of effect is student throughput, which is cal-
culated by multiplying the course capacity by the number of convenings. Thus,
if course A's capacity is 6 and it is convened 10 times each year, the annual
throughput for A is 60, and if course B has a capacity of 20 and is convened
15 times per year, its throughput is 300. The additivity property states that
the total throughput for the two courses is then 360. A similar example will
demonstrate the additivity property's involvement in the constraints of the
linear programming model. Instructor 1 teaches both courses A and B. Twenty-
five hours of his time are required for each convening of course B. Since A
meets ten times each year and B fifteen times, instructor 1's total require-
ment is 400 hours (250 for A and 150 for B). Like the above example, all SCRR
mode] resource requirements are additive across all courses.

Nonnegativity. The nonnegativity property states that while any positive
muTtTpTe of course convenings is possible, negative course convenings are not
possible. Adherence to this restriction is ensured through the MPSX program.
The MPSX program allows the user to specify both upper and lower bounds for

the decision variables. If a lower bound is not specified, the program assumes
a value of zero. Unspecified upper bounds are set equal to infinity. In the
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case of the SCRR model application, the LP problem formulation algorithm sets
the lower bound for course convenings equal to the number of annual convenings
(which is always a positive quantity) stored in the data base. A negative
number of course convenings is meaningless.

Divisibility. The divisibility property requires that fractional levels of

the decision variables be permissible. In many linear programming models, the
decision variables would have physical significance only if they have integer
values. There is no guarantee that the solution procedure utilized within the
SCRR model will yield an integer $olution. If an integer solution is required,
the common procedure is to round the non-integer optimal solution down to the
nearest integer. This course of action could produce two problems. First,
this integer solution need not be feasible. Second, even if it is feasible,
this solution need not be too near optimality. Since fractional values for the
number of course convenings is interpretable, the SCRR model application ful-
fi11s the divisibility property requirement. A fractional course convening is
interpreted as a course which is convened but is not completed in a calendar
year. For example, 0.5 convenings could be associated with a two week course
which is convened the last week of a calendar year. In the event that the
decision is made sometime in the future to consider only integer-valued number
of convenings, the SCRR model could be easily modified to handle this restric-
tion, since MPSX has integer programming capability.

Deterministic Coefficients. Al1 of the coefficients in a linear programming
model are assumed to be known constants. In the SCRR model application, this
includes class capacities, instructor and space requirements per convening, and
instructor and space availabilities. The fact that any or all of the LP co-
efficients may not be known constants does not invalidate model results, but
does require the expenditure of additional effort. (A sensitivity analysis is
generally performed to determine the effect on the optimal solution if par-
ticular parameters take on other possible values.) Sensitivity analysis is
employed to determine the effect of changing the value of a single parameter.
It is often of interest to investigate making simultaneous changes in a number
of parameters and to study what happens as the magnitude of these simuitaneous
changes increase. A systematic study of such changes in certain parameters of
a 1inear programming model is the objective of parametric linear programming.

A post optimal sensitivity analysis is built into the SCRR model. Sensitivity
analysis results are included in the SCRR model output. Parametric programming
may be performed by the model user by systematically varying the parameters of
interest, rerunning the SCRR model, and comparing results.

INTERPRETATION OF LP OPTIMAL SOLUTION. The SCRR model can be operated in two
different modes. The number of course convenings can be specified by the user.
The model will then calculate the resources required to achieve that number of
convenings, and compare the required resources with present resource capabilities.
On the other hand, the SCRR model could be run against the data base which

depicts current resource capabilities and specifies a minimum number of course
convenings. The model will determine the maximum student throughput which could
be attained with current resources. Model results from the former operating

mode are straight-forward and require no additional explanation. Interpreta-
tion of model results in the latter case is more complex.

Consider the following example. Course A is currently schedu.ed to convene 24
times per year. The SCRR model is run to optimize throughput based on current
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resources. Model results indicate that course A should be convened 93.7 times
per year., Since the user is aware that course A utilization is currently
averaging about 70 percent and a reduction in convening frequency is being
considered, the model results appear absurd. However, the objective of the
SCRR model was to maximize throughput, which is defined as course capacity
times the number of convenings, subject to current resource capabilities.
Throughput can be increased anly by increasing convening frequency. Con-
vening frequency is limited only by available resources. Capability to in-
crease convening frequency to nearly four times the current schedule implies
that present course A resources are being utilized approximately 25 percent

of the available time: Therefore, the question the SCRR model user should be
considering is not should course A be convened 93 times per year, but how can
course A resources be utilized more effectively? Resource availabilities
stored in the duta base should be examined. Perhaps the original availability
estimate was too high. Frequent curricula updates may reduce the time avail-
able for classroom instruction. Or the instructor(s) could be cross-trained
to instruct one or more additional courses. The same model output which in-
dicated 93.7 convenings for course A, may also have pointed out other courses
which could not meet minimum convening requirements because of lack of resources.

The user should investigate all the above possibilities. Model input parameters
couid be modified and the model rerun to assist in the evaluation of the feasible
alternatives.

ASSUMPTIONS AND LIMITATIONS OF SCRR MODEL VARIABLES. The laboratory and class-
room facilities; i.e., the number of spaces available for rourse presentation,
lab equipment, training aids, and other major equipment installed in these
spaces, are considered to be fixed in their availability in the short run {(up

to two years), but variable over longer time spans. Therefore, a time lag of
from one to two years is assumed between a decision to procure major equipment
or to construct classroom or lab facilities, and the completion of the installa-
tion or construction.

Although short-range availability of classrooms and laboratories is considered
fixed, an estimate of the availability of individual classrooms or labs has not
been attempted. A uniform availability of 40 hours per week for 52 weeks per
year or a total of 2080 hours per year has been assumed for all classroom and
laboratory spaces. The SCRR model user has three options relative to space
availability: (1) maintain the assumption of a uniform 2080 hours per year
availability; (2) establish the availability on a room by room basis for the
training complex; or (3) utilize the SCRR model to perform parametric studies
to determine the effect of facility availability.

The authorized allowance of instructors is considered to be fixed in the short
run, The actual on-board count of instructors is considered variable in both
the short and the long run. In the short run, variations in the on-board
count may be caused by many factors (temporary additional duty, vacations,
11lness, time lag between assignment rotation and receipt of replacement). In
the long run, higher authorities can change the instructor allowance as a
function of major changes in curriculum or requirements, changes in command
missiovn, or the general level of manpower authorizations.

On-board instructor count can be easily maintained within the data base. How-
ever, given on-board count, the key SCRR model variable becomes instructor
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availability. Instructor availability is the number of hours per year an
instructor has available for classroom instruction. Availability does not
include supervisory requirements, military duties, preparation for instruction,
duties related to instruction, annual leave, illness, special training, or
break-in time. Both average instructor availability and individual instruc-
tor availability are unknown at this time. Availability standards ranging
from 750 hours per year up to 1250 hours per year have been used by various
organizations at different points in time®. The current Design of Training
System (DOTS) data base shows instructor availability equal to 1000 Hours
per instructor per year. This number was selected because it represents the
average of two documented standards. The intention is not to establish 1000
hours per year as a new instructor availability standard, but to use this
gum?erdas a point of departure from which a mgre meaningful standard can be
erived.

Individual instructer availability could potentially range from as high as
1500 hours per year to a minimum in the range of 100-200 hours per year, as a
function of the amount of course related duties, administrative duties, etc.
Availabilities for all instructors should be established by their respective
school directors and entered in the DOTS data base.

The SCRR model should be utilized to perform a parametric analysis uf instruc-
tor availability. Varying instructor availabilities from 700 to 1500 hours in
100 hour increments will provide training complex officials with an estimate

of the sensitivity of training complex capabilities to instructor availability.

It is assumed that budget does not constrain the SCRR model solution in the
short run. However, in the long run, budget constraints of a capital nature
may alter the SCRR optimal solution, in that student throughput could be
affected by the funding available for new construction and/or procurement of
new equipment.

Course curricula are considered fairly ineiastic in the short run, Drastic
curriculum changes require a considerable amount of time to determine new re-
quirements, develop new material, and secure headquarters review and approval,
However, numerous minor changes to courses take place frequently, and a course
may be dropped as a result of sustained low utilization.

Student/instructor ratios are generally a function of curriculum requirements.
The generally accepted rule used in the establishment of these ratios is that
the ratio of trainees per instructor for each instructional situation, should
be set at that point which yields the highest possible ratio without serious
detriment to the quality of instruction.

The optimum ratio should be based on consideration of the type of equipment,
safety, and teaching effectiveness for the particular teaching situation.
Since no more specific procedures other than the above exist, the establish-
ment of student/instructor ratios remains highly subjective, and should be
closely monitored by training complex officials.

3These figures are from BUPERSINST 1510.150 and CNTECHTRAINST 5311.1A
respectively. '
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The current version of the SCRR model calculates all instructor requirements
assuming 100 percent course utilization. The result of this assumption is

that requirements are overstated for those courses which are consistently
underutilized and whose instructor requirement is a function of class size.

For example, course number J-780-0406, Damage Control/Firefighting, Shipboard,
has a 12:1 student/instructor ratio for 10 hours of the firefighting portion

of the course. The normal class capacity is 144. Thus if the course were

100 percent utilized, 12 instructors would be required for that 10 hour section
of the course. However, if the course were averaging only 50 percent utiliza-

tion, the instructor requirement would drop to six for the same portion of
the course.

The SCRR model will be modified to include the impact of course utilization
during Phase III of this project.

LEVEL 1 VALIDATION SCENARIOS

The purpose of the level 1 validation scenarios is to objectively demon-
strate that all subelements of the SCRR model will perform the functions jiden-
tified in the model description section {page II-1). Four scenarios will be
presented in this section. The first two will exercise the SCRR model against
the total DOTS data base. These scenarios have been designed to test each
mode] subroutine, while simultaneously establishing model limitations with
respect to problem size. The last two scenarios will demonstrate how the SCRR
model can be used to assist training officials in the analysis and solution of
typical problems. '

SCENARIO 1 - EXECUTE THE SCRR MODEL USING THE ENTIRE MASTER DOTS DATA BASE AS
INPUT DATA. The objective of this validation scenario is threefold:

a. To determine if the SCRR model software can process the entire 125
course data base within the storage limitations (120K) of the
development computer,

b. To audit the SCRR interface and output formatting programs.

c. To audit the data base contents.

Scenario_Input Data. This scenario requires no input data prepa;ation. The
modeT user need only select the appropriate Job Control Language (JCL) card

deck (see SCRR model operating procedures, Volume III, Section I1), and
specify the master DOTS data base as the data source. The SCRR model inter-
face program will then access the master data base, select the data elements
required to formulate the linear programming problem, and prepare the input
data for the MPSX module. The MPSX module solves the linear programming
problem and passes the solution to the output formatting program, which
prints the LP solution and sensitivity analysis results.

Special Run Conditions. Scenario 1 will formally test the following SCRR model
software:

a. JCL to execute SCRR model from master data base.
b. A1l SCRR model interface program codes.
11-30
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¢. MPSX ccntrol program,
d. ATl output formatting program codes.

Design Criterion Tested. The core of the SCRR model is a linear programming
computational technique. Since the time of its development nearly 30 years

ago, linear programming has become accepted and widely used by both theoretical
and applied mathematicians. The software package used to calculate the linear
programming solution for the SCRR model is MPSX (Mathematical Programming Sys-
tem Extended), an IBM Program Product. Neither the linear programming technique
nor the MPSX software will be subjected to validation testing.

The application of the linear programming technique to the problem of deter-
mining the best use of resources to meet training requirements, has been
initially discussed in the logic design section ? agell-24). The SCRR model
1inear programming problem formulation fulfills tﬁe basic mathematical pre-
requisites of proportionality and additivity. An important part of the valida-
tion testing is the determmination that the linear programming model formulation
approximates the real world to an acceptable degree. Several discussions
relative to the evaluation and interpretation of model results have been in~
cluded in the output parameter description subsection and the logic design sub-
section. Comparisons of model solutions with expected results will be included
in the discussion of test results.

The validation scenarios have, therefore, been designed to test the following
design criterion:

a. The SCRR model software must correctly manipulate the data elements
in the process of formulating the LP problem.

b. The linear programming model must approximate the real world to an
acceptable degree.

Test Run Output. Because of the volume of output data, the complete scenario
I results will not be reproduced in this section. Excerpts from the SCRR
mggel ?utput will be provided to demonstrate that the model has met its design
objectives.

Requirements Specification Testing. Two pages of the Requirements Specification
Listing are presented in Figure II-10. The accuracy of the data contained in
this output 1isting can be verified by comparing them to a 1isting of the data
base contents. For example, Figure II-10 indicates that instructor group 001
(16001) has only one member - instructor number 196. IGO001 instructs only
course 007E. IGO01 contact hour requirements for 007E is 90 hours per con-
vening. The data base listing for course 007E is shown in Figure II-11.
Instructor 196 is one of two instructors listed as currently assigned to course
007E. The two instructors are internally differentiated by the group desig-
nator. Instructor 196 is identified as group 1. Group 1 is required for 54
hours of lab and 36 hours of theory presentation, a total of 90 hours. Group

1 does not appear in the related course data, which indicates that instructor
196 is not instructing any additional courses.

Figure II-11 indicates that Instructor 213 is also assigned to course CO7E.
He 1s one of two instructors required for the 54 hours of lab instruction.
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qiSt O NNLBLE

POTS SUPPORT UTILITY-==SCRR MODEL INTERFACE

INGSTRUCTOR GROUP 0O0L:  NUMBER NAME MOUKS
196 CHILLDRES 1000
COURSES: NIUMBER CAPACITY GCONVENINGS REQUIRFMINIS
007t . o a0
INSTRUCTOR GROUP 002:  NUMBER NAME HOUR'S
213 MCCLEARN 1000
COURSES: NUMBER CAPACITY CONVENINGS REWUIREMF*TS
0nvE 4 4 54
167W 4 ) &0
5 INSTRUCTOR GROUP 003t  NUMBER NAME HOURS
' ; 3 HUNT 1000 |
COURSES: NUMBER CAPACITY CONVENINGS PEQUIREMENTS
| 0olla 10 12 78
INSTRUCTOR GROUP OOwt  NUMBER NAME MOURS
137 DUDLEY 1006
140 ENGLAND 1000
COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
0129 20 50 75
3120 10 24 92
e T ——
INSTRUCTDR GROUP 035:  NUMBER NAME HOURS
261 FLORA 1000
COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
3665 s 5 75
518% ) o sS4
INSTRUC TR GROUP 0363  NUMBER NANE HOURS
218 WARD 1000
COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
367N 6 PY 60
INSTRUCTOR GROUP 037: NUMBER NANE HOURS
217 JAMES 1000
COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
3477 4 . 100
36484 . 2 100
348C s 2 100
INSTRUCTOR GROUP 038:  NUMBER NAME HOURS
151 DUCMARME 1000
152 SILVER 1000
COURSESS NUMBER CAPACITY CONVENINGS REQUIREMENTS
3498 Y [ 262
INSTRUCTOR GROUP 0391  NUMBER NAME HOURS
222 NAY 1000

COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
3508 4 S 60

FIGURE II-10 SCENARIO 1 - REQUIREMENTS SPECIFICATION LISTING EXCERPT
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i
90090000000 0BNS SR SSLOURSE NUNBER2 X =] 04=0127====COP200TES#030300000800880000 00

' COURSE NANE DEPT NEC  TYPE
AN/SPA=2S RADAR REPEATER ' ET Locx
woweesceaCURRENY ececcacce-==FUTURE
QUAL SACK CONVY  LEN QUOTAS CHNG OFF QUDTAS LEN COwv
Ting L06 PER YR WKS BUPRS CLASS DATE SET BUPKS CLASS WKS PER YR
12,0 ¥R$ 0o S & 3.0 L L) 0 0 0 0 0.0 o
TPF FIELDS: BUPERS ANNUAL PLT peY PCT
DEMAND OEMAND UTIL  NOSHOW  NONACDIS
9 o 0.0 0.0 0.0
INDEX  RATIO  SINSTRS HOURS TYPE  GROUP
1 2.0 1 54.0 LAG 2
H 2.0 1 34.0 LAB 1
3 4.0 1 36.0 THEORY 1
RELATED COURSES: CDP  GRUUP
s6u 2
INSTRUCTORS:  NUMBER NAHE SQuAL ASSIGNED?  GROUP
196 CHILLDRES 100 YtS 1
213 MCCLEARN 100 YES 2
215 WARD 100 NO 1
217 JAMES 100 NO 1
CLASSROONS: BUILDING ROOM  CAPACLTY REQUIRED  AVALILABLE
N=25A 139 & 90.0 2080

FIGURE II-11 DATA BASE LISTING - COURSE 007E

_
900000000 00000000 00800 JURSE NURBER®A=104=0]80====CDP =347 400000000880 0080000000¢

- =COURSE NANME DEPT NEC TYPE
AN/SPA-30 RADAR REPEATER ET LoCK
-------.—cu.'e"r . —--—--Furu'e-n---“m
QuaL BACK CONV LEN QUOTAS CHNG OFF QUOTAS LEN CONV
TINE L0G PER YR WKS BUPRS CLASS DATE SET BUPRS CLASS WKS PER VYR
8.0 WK$ 0 uKS 4 2.0 L) L) o (] 0 0 0.0 0
TPF FIELOS: BUPERS ANNUAL PCTY PCT PCY
UENAND DEMAND UTIL MOSHOM  NONACDILS
8 o 0.0 6.0 0.0
INDEX _RATIO SINSTRS HOURS TYPE GROUP
3 2.0 1 40.0 LAS 1
2 4.0 1 *20.0 THEORY b
3 2.0 1 40.0 LAB 2
RELATED COURSES: cOP GROUP
007E e
INSTRUCTORS: NUMBER NANE SQuUAL ASSIGNED? GROUP
196 CHILLDRES 100 NO 1
213 RICLEARN 100 YES e
215 WARD 100 YES 1
217 JARES 100 NO |1
CLASSACONS 3 BULILDING ROTM  CAPACITY TYPE REQUIRED  AVAILABLE

L] 80TH 6040 2000

N-234 113

FIGURE II-12 DATA BASE LISTING - COURSE 347W
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DOTS SUPPORT UTILITY=--SCRR MODEL INTERFACE

ROOM N-19A216 = 2080.0 HOURS AVAILABLE. 3255 - 105.0

RIOM N-19A217 = 2080.0 HOURS AVAILABLE. 510V - 18.0 5687 - 4240
ROOM N-19A218 - 2080.0 HOURS AVAILABLE. 9317 -  10.0 9318 - 4.0
RNOM N-19A220 -~ 2080.0 HOURS AVAILABLE. S1IT = 2440 S11Y - 6.0
ROOM N-194221 - 2080.0 HOURS AVAILABLE. 510 = 120 5102 - 1240
RUOM N-19A222 - 2080.0 HOURS AVAILABLE. 9317 = 1645 9318 -  26.0
ROOM N-25A0PN - 2080.0 HOURS AVAILABLE. 4946 = 680

ROOM N-25A102 - 2080.0 HOURS AVAILABLE. 323y - 300.0

ROOM N-25A104 - 2080.0 HOURS AVAILABLE. 350T = 6040

ROOM N-25A106 - 2080.0 HOURS AVAILABLE. 7798 - 180.0

ROOM N-25A108 - 2080.0 HOURS AVAILABLE. 4970 - 260.0

ROOM N-254109 = 2080.0 HOURS AVAILABLE. 0196 - 120.0 S11X = 21.0
ROOM N-25A110 = 2080.0 HOURS AVAILABLE. 7766 -  60.0

ROOM N-25AL12 = 2080.0 HOURS AVAILABLE. S11R - 12.0 7834 - 180.0
ROOM N-25A113 - 2080.0 HOURS AVAILABLE. 3670 - 6040 3480 =  60.0
ROOM N-25A120 = 2080.0 HOURS AVAILABLE. 3416 - 180.0

ROOM N-25A122 - 2080.0 HOURS AVAILABLE. 538X - 90.0

ROOM N-25A125 = 2080.0 HOURS AVAILABLE. 367Y = 60.0 /
ROOM N-25A126 - 2080.0 HOURS AVAILABLE. 3543 -  60.0

RNOM N-25A127 - 2080.0 HOURS AVAILABLE. 7668 = 150.0

ROOM N-25A128 = 2080.0 HOURS AVAILABLE. 3690 - 60,0

ROOM N-25A130 - 2080.0 HOURS AVAILABLE. 3636 = 15040

ROOM N-25A139 - 2080.0 MOURS AVAILABLE. 007E = 90.0

ROOM N-25A166 = 2080.0 HOURS AVAILABLE. 0402 -~  60.0

ROOM N-25A1647 = 2080.0 HOURS AVAILASLE. 3508 =  60.0

ACOM N=25A148 - 2080.0 HOURS AVAILABLE. 4601 =  30.0 7756 = 17.0
ROOM N-25A150 = 2080.0 HOURS AVAILABLE. 5699 =  60.0

ROOM N-25A151 - 2080.0 HOURS AVAILABLE. 511V =  30.0

ROOM N-25A152 -~ 2080.0 HOURS AVAILABLE. 3232 = 240.0

FIGURE II-13 SCENARIO 1 - REQUIREMENTS SPECIFICATION LISTING EXCERPT
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From the related course data, instructor 213 also instructs course 347W. This
information is duplicated in the specification 1isting. Examination of the
data base listing for course 347W, indicates that instructor 213 is utilized
for 40 hours of lab instruction and is also instructing course 007E.

Examination of Figure I1I-12 shows that instructor 215 is required for 20 hours
of theory and 40 hours of lab instruction for each course 347u convening. He
does not instruct any additional courses. Instructor 215 is the only member
of 16036 (Figure I1-10). Again, the SCRR interface output agrees with the
data base Tlisting.

Classroom and lab requirements are also compiled and summarized by the SCRR
interface program. The data presented in Figure II-13 for classrooms N-25A
113 and N25A 139 agree with the data base listing for each course.

Formatted MPSX Input Data. The second phase of the SCRR interface program
reformats the linear programming problem matrix, containing course require-
ments for instructors and classrooms, to meet MPSX input requirements.
Examination of the formatted MPSX input (Figure II-14§ will verify that the
interface program has successfully manipulated the requirement matrix to pro-
vide the MPSX routine with accurate input data. The left column in Figure
[1-14 is the course number; class capacity is designated by "thruput";
instructor and classroom requirements are in hours per convening.

FIGURE 1I-14

BEST COPY AVALLIRLE

11-35020

007€ THRUPUT 4.00000 16001 90.00000
007E IG002 $4.00000 N=-254139 90.00000
OliaA THRUPUT 10,00000 16003 78.00000
olla N-30.180 42.,00000

0129 THRUPUT 20.00000 16006 79.00000
0129 16005 15.00000 L=28.MPC 15.00000
0129 L=2tueMPL 15.00000

0196 THAxUPUT 20.00:00 16006 120.00000
0196 N-75A109 120, 00100 '

0284 THRUPUT 25.00000 16007 24.00000
0284 1500 6.00009 N-194202 iN.00000
028% THRUPUT 2%, 00000 16007 30.00000
0286 i=19A204 30.00000

0294 THRUPUT 25,00003 1 GOOR ¢.00000
0294 1u0l10 24. 00000 N=19425¢2 30.00000
0236 THRUPUT 25.00u00 16004 60.00000
0296 N-198212 60.00900

0404 THRUPUT 8. 00000 16011 60.00000
0402 16012 48.00000 N=25%A144 60.00000
1391 THRUPUT 24,00000 16013 64J. 00000
1391 N-30.176 6.50000 h=30.244 53.50000
2105 THRUPUT 6.00000 16016 t04.00000
2105 N=19A4207 60,00000 '

2394 THRUPUT 20, 00000 16015 42.00000
2398 N-30. 324 36.00000

2399 THRUPUT l16.00000 160leé 18.00000
2399 N-210.407 1A, 00000

304U THRUPUT 6.00000 1Golt? 60.00000
304U 1Golis 18.006G00 16019 41.00000
304U N-2242131 60.00000

3052 THRUPUT 8. 00000 16019 37.00000
305¢ 16020 137.00000 N=-25A167 47.00000

FORMATTED MPSX INPUT EXCERPT
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SCRR Output - Resource Data. The objective of.the SCRR 1linear programming
model was set to maximize student throughput (see operating procedures,
Volume III, Section II, Page II-8). Because the availability of several
resources was less than the minimum requirement, the MPSX routine could not
identify a feasible soluticn to the stated problem. For example, Figure
[I1-15 indicates that IG004 has a total availability of 2000 hours. G004
utilization, which in this case is equivalent to the minimum 16004 require-
ment, is 5958 hours. A feasible solution cannot be identified unti]l I1G004
availability is equal to or greater than the specified minimum requirement.
A11 negative quantities in the "hours under utilized" column in Figure 11-15,
represent insufficient resource availability. In-all, 26 infeasibilities
were discovered in the master data base. Each of these infeasibilities was
checked to determine if the source of the error was the SCRR model software
or the data contents of the master SCRR data base. In all cases, the SCRR
output was found to be totally accurate.

The SCRR - Resource Data. The SCRR output from scenario 1 provides an excellent
tool for auditing the master DOTS data base prior to installation of the model
at the test location. Each of the resource infeasibilities should be examined
to ascertain the possible cause or causes. Requirements could have been over-
stated because of a low student/instructor ratio. A low course utilization

rate will also inflate requirements, since requirements are currently calcu-
lated based on class capacity and do not consider utilization rate. For
example, IG062 and IG063 show requirements greatly in excess of availability.

We find, from the specification listing, that both these instructor groups’
instruct course 509V (Damage Control/Firefighting, Shipboard). This course

can handle up to 288 students simultaneously (144 in the Firefighting portion
and 144 in the Damage Control section). Even with a student/instructor ratio
of 24:1, six instructors from Firefighting and six instructors from Damage
Control are required for this course. However, the utilization rate for this
course 1s just over 50 percent. Reducing the class size by one-half will re-
duce the instructor requirements for 509V by one-half also. Although this
example points out the need to modify the SCRR model to include course utiliza-
tion rate (a change that is currently planned for Phase I11), it also demonstrates
that all model results should be interpreted and modified as required to account
for simplification or assumptions built into the model.

In addition to overstating requirements, the infeasibilities may also result
from urderstating availabilities. Perhaps one or more instructors have not

been identified as available to instruct a course they are actually teaching,
or individual instructor availabilities may exceed the average figure of 1000
hours per year currently assigned to all instructors in the master data base.

The existence of infeasibilities in the LP problem constraint equations does,
however, facilitate the checking of several SCRR model software subroutines.
The MPSX control language program did store the infeasible solution on disk
storage and the output formatting program was able to interpret the stored in-
feasible solution (which d:d not include the sensitivity analyses results) and
print only the LP solution results, leaving the sensitivity analysis results
columns blank.

Resources 1isted at 100 percent utilization in Figure I1I-15 should not be
interpreted to mean that those resources are currently 100 percent utilized.

I1-36
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Wb3UuNLE QMM

RESOUMCE lV‘:::g:t!YV
(HOUAS )
$FeostlLD 2080
FLYLNHGA 2080
1,001 1000
16007 1000
16003 1000
1G0ne 4000
1Goos 1000
1600s 2000
16o0? 1000
1Goos 1000
f1L00¢ 2000
16010 1000
16011 1000
15012 1000
16013 2000
10ie 2000
16018 1000
1cote 1000
16017 1000
16018 1000
16089 1000
16020 000
1081 *000
16022 14000
16023 s000
14026 3000
16023 3000
16028 000
16029 2000
16020 2000
15020 2000
16010 12000
16031 3000
16092 000
16093 1000
1609 1800
15018 1000
1603 1000
160)? 1000
16038 2000
160 1000
1§41 1] 1600
160e1 1600
16062 2000
1G0es 3060
1Gose 2000
16003 1000
16060 1000
16007 4000
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2000 ] 100
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tooe ] 100
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RESIURCE THROUGHPUT
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FIGURE 11-15 SCENARIO 1 - SCRR RESOURCE DATA OUTPUT EXCERPT
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Since the objective of this problem formulation was to maximize student through-
put, the resource data output represents the utilization that could be achieved
1 student throughput were maximized by establishing the number of course con-
venings indicated by the SCRR course data output.

SCRR Output - Course Data. The SCRR course data output depicts the number of
convenings for each course which would result in maximum student throughput
subject to current resource limitations. In the event of an infeasible solu-
tion, as 1s the case for scenario 1, the number of course convenings for those
courses with insufficient resources is entered at the minimum requirement,
even though sufficient resources to meet the requirement do not exist. Also,
as with resource data, the sensitivity analysis results columns remain blank
since no sensitivity analysis was peiformed.

Figure I1-16 indicates that sufficient resources are available to convene course
007E 6.2 times per year. Practically speaking, unless 0.2 convenings is inter-
preted to represent a class which is convened but is only 20 percent complete
at the end of the year, 6.2 convenings could be reduced to 6 convenings per year.
This is 50 percent more than the presently scheduled 4 convenings per year., The
formatted MPSX input (Figure II-14) indicates that 1G0O01 and IG0O02 are both re-
uired for course O07E. Referring to the Requirements Specification Listing
?F1gure 11-10), we note that, in addition to GO7E, IGD02 also instructs course
347W. The optimal number of convenings for 3474 is 16.7, which requires 668
16002 hours (16,7 convening « 40 hours per convening). 1G002 has 332 hours
(1000 minus 668) availability remaining to devote to course 007E, which at 54
heurs per convening, can be convened 6.2 times. I1G001 will utilize 556 hours
(6.2 convenings x 80 hours per convening) of the total 1000 hour availability.
The above calculations demonstrate that data base integrity 1s maintained
throughout the entire SCRR model, from initial data base input through the
specification 1isting and MPSX formatted input, to the final SCRR resource and
course data outputs.

The SCRR course data output for scenario 1 indicates that sufficient resources
are available to convene course 007E 6.2 times per year, and course 347W 16.7
times per year. The current number of convenings scheduled per year for both
courses is 4, Both courses also have a student capacity of 4. Therefore, the
current annual demand for these courses is 16. The SCRR output can be inter-
preted several ways. First, sufficient resources currently exist to quadruple
course 347W throughput. Unless course 347W demand quadruples, this information
s not utilized. Second, since the number of convenings can be quadrupled,
current resource utilization must be about 25 percemt. This becomes extremely
useful information. The additional available time (500 hours from course 347W
alone) could be utilized for cross-training, assisting in other teaching duties,
or performing other duties as required.

General. 120K bytes was adequate space to execute the SCRR model for the total
125 course data base. However, because of the infeasible constraint equatioas
in scenario 1, the SCRR model was not run to completion (the sensitivity
analysis was not performed). Scenario 2 will attempt to amend all infeasible
constraints encountered in scenario 1, thus generating an optimal solution and
the sensitivity analysis. The assessment of storage requirements will be
discussed in conjunction with scenario 2.
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SCENARIO 2 - MODIFY MASTER DATA BASE CONTENTS: EXECUTE SCRR MODEL USING
SCRATCH DATA BASE INPUT. The objectives of the second scenario are to:

a. Analyze scenario 1 output to determine the source of scenario 1 in-
feasibilities. '

b. Create a scratch dafa base,
c. Modify the scratch dita base to eliminate all infeasibilities.

d. Execute the SCRR model to obtain an optimal solution and sensitivity
analysis report.

Scenario Input Data. For the purpose of this scenario, the data infeasibilities
will be eliminated by increasing the availability of those resources for which
requirements exceed availability, thus enabling the model to compute a sensitivity
analysis report for illustrative purposes. As stated in the scenario 1 discussion,
understatement of resource availability represents only one of several possible
explanations. The data for all courses for which requirements exceed availability
should be examined on an individual basis to ascertain the reason for the incon-
sistency. Increasing availabilities to equal requirements is not intended to
represent a realistic solution to the problem.

Using the SCRR resource data output (Figure II-15) and the Requirements Speci-
fication Listing (Figure II-10) from scenario 1, the data base modifications
required to eliminate the data inconsistencies can be determined. For example,
1GO04 availability is 3958 hours less than stated requirements. Figure II-10
indicates that instructors 137 and 140 make up IG004. Increasing the avail-
ability of each of these instructors to 2979 hours per year (one-half of the
instructor group minimum requirement) will eliminate the 16004 infeasibility.
Similarly, 1G005 availability is 446 hours less than requirements. Increasing
the availability of instructor 142 to 1446 hours will correct this inconsistency.
The same procedure was followed for all negative entries in the "hours under
utilized" column. The availabilities of 24 instructor groups, which include a
total of 78 instructors, were modified following this technigue.

The master data base should not be modified until the data base audit has been
completed and the true causes for the data inconsistencies have been identified.
Therefore, a scratch data base was created. Modifications can be made to the
scratch data base while the master data base is left intact. To create a scratch
data base, the user need only select the appropriate Job Control Language (JCL)
card deck (see SCRR model operating procedures, Volume III, Section II). To

make the required modifications, the user should use the Instructor File Load/
Change Form (Figure II-17), making entries only in those columns for which
changes are required. To change the availability of instructor 137 from the
current. 1000 hours to 2797 hours, a "C" is entered in column 1 of the change

form to indicate that the entry represents a change; the instructor number is
entered in columns 2-4, and the new availability is entered in columns 43-47.

The data base course file can be updated using the course file change forms

which are discussed in the data base section ?VOIume III, Section vg.
Processing the JCL to execute the SCRR model, indicating the scratch data base
as the data source, completes the input data requirements for scenario 2.
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tions. Scenario 2 will formally test the following SCRR model
software routines which were not exercised in scenario 1:

a, Scratch data base creation.

b. Data base modification.

C. MPSX sensitivity analysis.

d. Sensitivity analyses output formatting.

/
Test Run Output. The entire 125 course data base could not be processed by the
SCRR model software because of insufficient storage availability on the computer

used for model development. The problem occurred during the execution of the
MPSX sensitivity analysis. Since MPSX source code was not available, internal
storage allocations could not be modified, However, the ability to process all
courses in the data base simultaneously is not essential to the operation of

the SCRR model. The user has the capability to select, by school, which courses
are to be copied from the master DOTS data base to the scratch data base. The
SCRR model results will be identical whether the model is run for a single
school or for all schools, since each school's resources are independent; i.e.,
instructors and classroom space are not shared between schools. Interdepen~
dencies do not cross school 11nes.

To obtain the final results for scenario 2, the SCRR model was run four times.

A scratch data base consisting of courses from one to five schools was created

for each run. It was not necessary to recreate the instructor file in the .
scratch data base for each run. Excerpts from scenario 2 SCRR results, includ-
ing the sensitivity analysis, are presented in Figures I11-18, I1-19, and I1-20.
Computations similar to those described in the scenario 1.discussion were made

to verify the accuracy of the model results.

SCENARIO 3 - REALLOCATE IT/AD SCHOOL RESOURCES TO MEET PRESENT TRAINING RE-
QUIREMENTS. This scenario is presented to demonstrate the utility of the SCRR
model in the analyses and solution of a typical management problem. The ob-
Jective of the scenario 1s to present a problem-solving technique rather than
to generate a solution to an existing problem,

The IT/AD school courses were selected from the master data base to form a
scratch data base containing only IT/AD school courses. The SCRR model was
executed using this scratch data base as input. The results of this model
run are presented in Figures I1-21, 11-22, and 1I-23. The SCRR resource data
output (Figure I1-22) indicates two instructor groups for which requireme:ts
exceed availability.

16002 consists of 12 instructors who teach only the Basic Instructor Tratining
course (COP - 3400). Assuming that the instructor requirements 1isted for
this course are correct, an additional 4320 hours per year must be allocated
to IG002. The first step 1s to examine the contact hour avatilability of each
instructor in 16002 (see Figure 1I-21). Since the course material for course
3400 1s relatively static, the course instructor's contact hour availability
should be greater than average. For the purpose of this analysis, we will
assume that the availability of each instructor in 16002 should be increased
to 1100 hours. Since this adjustment still leaves 1G002 total availability
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more than 3000 hours short of the course requirement, further adjustments
will have to be made.

The next step is to examine course utilization, which for course 3400 averages
about 85 percent. Considering course utilization, the actual class size is
approximately 25 rather than the listed capacity of 30 students. Referring to
the data base listing for 3400 (Figure II-24), it is noted that 27.0 hours are
required with a 5:1 student/instructor ratio. Taking the utilization into
account reduces the instructor requirement from 6 to 5 for that portion of the
course. The annual requirement for the course can be reduced by 1296 hours
(27 hours per convening x 48 convenings per year).

Initial analysis has resulted in increasing the availability of IG002 by 1200
hours and decreasing course 3400 annual requirement by 1296 hours. The next
step is to examine the resource-requirement relationship of other IT/AD school
courses. Figure II-23 indicates that courses 536M, 536Q, and 9410 have
sufficient resources available to more than double the number of annual con-
venings. Since the utilization for these courses averages 45, 65, and 75 per-
cent respectively, it seems reasonable to assume that the demand for these
courses will not double in the near future. This assumption allows us to
recalculate the requirements for these courses based on current scheduled
convenings.

Course 536M instructor requirements drop to 40 hours per convening when the
calculation is based on average class size rather than class capacity. The
total annual requirement for 536M becomes 960 hours (40 hours per convening
X 24 convenings per year). I1GO06 (see Figure II-21) also instructs course
536L. The annual requirement for 536L 1s 1392 hours (58 hours per convening
X 24 convenings per year). Summing the requirements for 536L and 536M,
1G006 minimum total requirements become 2352 hours per year. Current 1GOU6
availability is equal to 5000 hours per year. From the instructor file
listing, i1t is noted that instructor 53 will be rotated within two months.
Instructor 54 (a random selection from four remaining 1G006 instructors)
will be assigned to course 3400.

Course 536Q has a minimum annua)l requirement of 900 hours (36 hours per con-
vening x 25 convenings per year). 1G007 teaches only course 536Q and has a
total annual availability of 4000 hours (Figure II-21). Since 536Q has a
requirement for two instructors for one-half day of the one week course,
1G007 will be reduced to two instructors with a total availability of 2000
hours (sti11 double the minimum requirement). Instructor 48 will be reas-
signed to course 3400. Instructor 49 will be reassigned to course 3691.

Returning to Figure II-22, the second resource for which availability is
less than total requirements is 1G004. IGO04 consists of two instructors,
38 and 39. A check of the instructor file listing shows that instructor
39 is scheduled to be rotated within the next two weeks. Therefore,
instructor 39 will be removed from the course file; he will be replaced

by instructor 49 who will be reassigned from course 536Q.

Course 3691 has a class capacity of 16, but an average utilization of 35 per-

cent. Therefore, the average class size for this course will be adjusted
to 6 per convening. Course 3691 has a 4:1 student/instructor ratio for 48.0
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hours of lab instruction (Figure 11-25). Based on a class capacity of 16,

a total of four instructors is required for the lab period. llowever, this
requirement is reduced to two instructors when the course utilization is
considered. Recalculating the instructor requirement for course 3691, based
on a course utilization of 35 percent reduces the requirement per convening
from 234 hours to 138 hours {1 instructor x 39 hours + 2 instructors x 48
hours + 1 instructor x 3 hours).

Course 9498 is also instructed by I1GO04. Based on an average utilization rate
of 5 percent, the instructor requirement per convening can be reduced from 57
hours to 30 hours. The number of course convenings shoulc also be decreased
from 4 to 1 time per year.

The data modifications suggested by the preceding analysis will ensure that
all IT/AD school resource availabilities are greater than or equal to their
requirements. It is fully admitted that some of the assumptions which were
included in the analysis may be unrealistic; and that the personnel trans-
fers which were indicated may not be feasible. However, as was pointed out
earlier, the objective of this scenario is not to solve an existing real-
world problem, but to demonstrate how the SCRR model data might be used to
solve such a problem.

Scenario Input Data. The data modifications resulting from the preceding
analysis are summarized below. These changes were made to the scratch data
base, both the course and the instructor file. The SCRR model was then rerun
against the updated scratch data base.

a. All members of 1G002 - increase availability to 1100 hours.

b. Delete instructor 048 from 536Q; add instructor 048 to course
3400; instructor 048 availability = 1100.

¢. Delete instructor 054 from 536M; add instructor 054 to course
3400; instructor 054 availability = 1100.

d. Course 3400 - decrease instructor requirement %o account for
utilization rate.

e. Delete instructor 039 from 3691.

f. Delete instructor 049 from 536Q; add instructor 049 to course
3691.

g. Course 3691 - decrease instructor requirement to account for
utilization rate.

h. Course 9498 - decrease instructor requirement to account for
utilization rate.

i. Course 9498 - decrease number of annual convenings.

Special Run Condition. The SCRR model was executed using the updated scratch
data base previously described as input data.

I1-49
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Design Criterion Tested. Scenario 3 required a management analysis of an
fnitial SCRR model run. The scratch data base was then modified and the
SCRR model rerun to verify that the modification produced the desired effect.
An important operational feature of the SCRR model is the ability to easily
and quickly modify the input data and rerun the model.

Test Run Qutput. The results of implementing the suggested modifications
can be easily assessed from the SCRR model output presented in Figures II-
26, 27, and 28.

SCENARIQ 4 - PERFORM INSTRUCTOR AVAILABILITY PARAMETRIC ANALYSIS. The ob-
Jective of this scenario is to present an information-oriented application

of the SCRR model, as opposed to the problem-solving application demonstrated
by scenario 3. ferhaps the most significant variable considered in the SCRR
model {s instructor availability. Instructor availability is defined as the
number of hours per year an instructor is available for classroom instruction.
Specification of availability is meaningless unless a requirement to utilize
the available time can be identified. All course descriptions identify very
specific instructor contact hour requirements. The problem we are faced with
is that although contact hour requirements are very specific, contact hour
availability has been difficult to evaluate. Several attempts have been made
to set standards for contact hour availability, but because of the high vari-
ability in requirements of activities outside the classroom, these standards
have met with 11ttle acceptance.

Each instructor entry in the master DOTS instructor file has an availability
figure associated with it. Initially, all availabilities were set equal to
1000 hours per year (1000 hours represents an approximate average of exist-
ing availability standards). The ultimate goal.of the data base is to
establish availability on an individual basis. Availability, although
tailored to the individual, will be a function of the set of jobs the indi-
vidual is responsible for performing.

A parametric study of availability can achieve two objectives:

a. The total impact of instructor availability on the training
complex capabilities will be dramatically demonstrated.

b. The study can help to establish some acceptable limits of
instructor availability within which the training complex
can operate effectively.

Scenario Input Data. To 1imit the data input requirements as yell as the
votume of mode] output, the parametric study is limited to a single school.
The courses for the ASW school are first transferred to the scratch data

base along with the instructor file contents. The availabilities of the

14 ASW instructors are initially set equal to 700 hours per year. The SCRR
model is run using the scratch data base as input. Instructor availabilities
are increased in increments of 100 hours per year to a total of 1200 hours.
Each change requires only a simple modification of the scragch data base
instructor file. The course file does not have to be modified. The SCRR
model is executed after each instructor file update.

-
1Y

Iy
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Test Run Qutput. The results of the instructor avai 1ability parametric study
are presented in Figures I1-29 through II-37.
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SECTION [II

EDUCATIONAL TECHNOLOGY EVALUATION MODEL

MODEL DESCRIPTION AND FUNCTIONAL SPECIFICATIONS

With the increasing emphasis on self-paced, individualized instruction in
naval training, there is a requirement for a method for predicting the resources
necessary to support individualized instruction and for evaluating different
types of administration for such systems.

The Educational Technology Evaluation (ETE) model is a generalized, discrete
simulation mordel designed to simulate the flow of students through an Individ-
ualized Learning System (ILS). Its purpose is to permit simulation of a variety
of ILS configurations, student flows, and course strategies by manipulation of
input data alone rather than by modification of the model itself. It is the
generality of the model that is the key factor in its design.

The ETE model is not intended for use in evaluating educational media or tech-
niques with regard to training effectiveness. It is designed to evaluate the
effectiveness of different strategies (e.g., computer managed instruction or
instructor managed instruction), with regard to throughput and resource utiliza-
tion efficiency. Given curricula and media descriptions, an estimate of the
input rate for different student types, and an inventory of available in- .
structors, learning modules, and facilities, the ETE model will project system
output, average time-to-complete, and instructor and facility utilization.

The primary problem arising in the design of a generalized simulation model

lies in balancing model capability with ease of use. Theoretically, it is
possible . least to approximate every combination of events and resource usage
that the analyst can envision. However, every additional level of complexity
which exists internal to the model demands, at a minimum, a control or selec-
tion type input. Since all inputs must be specified by the user, the complexity
of input data rises as a direct function of the level of detail contained in the
model. Consequently, models that contain highly detailed representations of
internal system activities may require input data so complex as to discourage
the potential user. '

One way to avoid this problem is to construct simulation models which are
tailored to a particular system or activity. Such models can contain explicit
and complex mechanizations which do not require extensive input data for
support. On the other hand, highly specific models are rarely applicable to
other systems without revision. The disadvantages of constructing a new model
for each system configuration to be simulated include: delays in constructing
and testing the models, a continuing need for qualified personnel to construct
the models; and constantly changing input requirements imposed on the mode
users.

ASSUMPTIONS NECESSARY FOR GENERALITY. In order to model certain aspects of
an ILS without tailoring the model to a specific system, it is necessary to
assume that generalized representations can be made which are applicable in
a number of cases. In general, these assumptions center around criteria for
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deciding when certain activities are required and the activity patterns for
certain facilities.,

Some areas which present difficulties in generalized representation are: (1)
instructor/student interaction; (2) remedial activities involving instructional
matter in a different medium; (3) conditional branching within a course of
instruction; and (4) preemption of facilities by students designated as

having priority over other students. Detailed information on the particular
methods used to model each of these activities, or the rat‘onale for exclusion
gf ? particular form of simulated activity, can be found in Section III, Logic
esign.

There are other activities which are so basic to the operation of an ILS that
their inclusion in the model is mandatory. These include:

a. A single course, or multiple courses.
b. Different media characteristics specified by module.
c. Individual and team trainirg modules.

d. Instructors assigned by qualifications and responsible for specific
modules.

e. Remediation activities, including probability of occurrence and re-
quired support. o

The basic technique used to achieve generality of application was to designate
all student activities, whether learning or administrative, as "modules.”
Each of these modules is tagged with an identification code which designates
the type of support requived for that module. Since all parts of the ILS, ex-
cluding the students, can be thought of as resources to be used in support of
gtudent § contention between students and the demand level for each type
omprise the basic content of the model. For example, the student
—pro¢ p referenced in Figure III-1 can be raepresented as a module
which every student must complete first, and which requires the support of
ancillary personnel. By following this approach, the user can simulate
different administrative procedures without supplying data in a multitude of
forms. The use of module code numbers is explained beginning on page III-7.

ihe ETE model was written using the General Purpose Simulation System (GPSS)4
which consists of a high level simulation language, the language compiler,
and a model execution control program. Although GPSS designates a specific
IBM-developed program package, other versions have been developed by other
manufacturers and include the GPS K (Honeywell) and Flow Simulator (RCA).
Both Univac and Control Data Corporation also have GPSS compilers .

As might be expected, GPSS has certain characteristics and limits as to model
execution time and model size. These characteristics did not impact model

design to any significant extent but do carry implications regarding model
usage. These implications are discussed on page III-31, Validation Results.

&GPSS Primer, Stanley Greenberg
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INPUT PARAMETERS DESCRIPTION

In general, inputs are required to define the learning system configura-
tion; i.e., curricula, number of instructors, module completion times, etc.,
of the courses being simulated. This section is divided into two parts. The
first part describes each of the required input parameters. The second part
defines the required format of the input data. It should be noted that the
format specified applies to the model as it currently exists. A simplified
input format will be generated during Phase III. The method for insertion of
the formatted input data in the model is covered in Volume III of the report.

?EgUIRED]INPUT DATA. Listed below are the parameters required to formulate an
model.

a. Rate of student input.

b. Number of student types and distribution - Student type is directly
related to the curriculum to be followed by that student. Student
distribution is the percent of all incoming students assigned to
each type.

c. Curricula - A curriculum, which consists of the sequence of module
numbers to be completed by the student, must be supplied for each
student type. For example:

Student type I: Modules 1, 3,6, 7, 9 and 11.
Student type 1I: Modules 2, 3, 4, 5, 7, 8 and 9.

d. Module type code - Each module must be assigned a code number between
0 and 31. This code number describes the support requirements for the
module (e.g., instructor required, other equipment, etc.), over and
above the availability of the module itself.

e. Instructor qualifications - Available instructors are grouped accord-
ing to the modules they are qualified to teach. For example, modules
1-4 may be assigned to instructor group I, modyles 5-10 to instructor
group II, etc.

f. Number of instructors - The number of instructors in each instructor
group must be specified.

g. Available modules - The number of copies of the instructional matter
for each module must be specified. For examplie, if module number 3
is a video tape cassette, the number of cassettes in the inventory is
supplied here,

h. Number of students per team - If any of the modules in a course re-
quire a team of students, the number of team members is specified
here.

i. Remedial modules - Where a module is designated as having remedial

matter which is not self-contained, a corresponding remedial module
type must be designated.
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j. Number of remedial modules - The number of available remedial modules
of each type must be specified in the same way as the primary modules.

k. Projected completion times - Each module, both primary and remedial,
must have an estimate of time-to-complete.

1. Completion spread - The completion time (item k.) for each module may
be modified by a spread value. For example, if the projected time-
to-complete for a given module is two hours, the factor may be
modified by a spread so that completion time becomes two hours plus
or min:s thirty minutes. If no spread is supplied, a zero value is
assumed.

m. Available facilities - Where other facilities (such as carrels or
power supplies) are required for completion of a particular module,
the number of available facilities must be specified.

Care must be exercised in supplying consistent input data.. If, for example,
seven different student types are defined, seven curricula must also be de-
fined. Otherwise, an execution error will result.

Required Input Data Format. With the exception of the student input rate, all

required input data are in the form of tables. These tables all have similar

formats consisting of a single table definition card, called a FUNCTION card,

i?g]as manyb?ddit onal cards as are needed to supply the required entries to
the table.

Curriculum tables are designated by number (1 through n, where n is the same

as the number of student types), all other tables are designated by alphabetic
mnemonics. The easiest way to describe the required input formats is to define
a hypothetical ILS which is to be modeled, and then to describe the tables re-
quired to define this system.

The hypothetical system has the following characteristics:
a. Three types of students.
b. A maximum of eight instructional modules.
c. Two groups of instructors; group 1 qualified to teach modules 1-4, -
group 2 qualified to teach modules 5-8. There will be three in-
structors in each group.

d. Modules 5 and 6 are team modules requiring two students and four
students respectively.

e. The three student types are distributed as follows: 30% type I;
45% type 11; and 25% type IlI.

Other system characteristics will be discussed in connection with the construc-
tion of the apnropriate table.

Figure III-2 shows the required card layout for all of the inputs required for
the hypothetical ILS. Each of the card types will be discussed as they appear
in the figure.
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Curriculum Cards. The format of these cards as regards card columns, and
the use of commas and slashes as separators, is the same for all table entries
and need be discussed only once. C

The first curriculum card defines the number of the curriculum (card column 2).
The word FUNCTION always appears in card columns 8-15 as does P9 in card
columns 19-20. The symbol L4 in card columns 22-23 specifies the length
(number of modules) of the curriculum. For other curricula, only the curricu-
lum number and the number of modules will change.

The second curriculum card specifies the module number that corresponds to each
step in that particular curriculum. If more than one card is required to de-
fine a curriculum, the card layout is always the same. Entries always begin

in column 1 and there are no blank spaces in the body of the input data.

Each pair of numbers; e.g., 1, 2, designate first the step number and then its
associ ated module number. The slashes serve to separate the pairs of values.
The number of pairs of values must equal the curriculum length specified in
the first curriculum card.

In the example given in Figure III-2, the first two curriculum cards contain
‘the following specifications:

a. Curriculum number is 1.
b. Curriculum length is 4 modules.
c. The curriculum consists of modules 1, 3, 4, and 5, in that order.

Module Type Cards. Module type cards are used to relate the module type code
with the modulé number. The type code designates the support requirements for
the particular module. Table III-1 lists 31 type codes and shows the require-
ments specified by each type code. A type coude of zero is also permissible
and designates a module with no outside support requirements (a programmed in-
struction manual would be a type zero module).

The first module type card has the same format as the first curriculum card,

except that the function is designated by the mnemonic MODT instead of a

number. Note that the length designator (cofumn 23) equals 8, the number of

modules available for the course. Every module specified for a course must
» have a corresponding module type code.

The second and subsequent module type cards follow the same format as comparable
curriculum cards. The first digit of each pair designates the module number
and the second module type.

In the example given, the first module type code specifies a module requiring
instructor assistance and facilities such as a video tape player (see Table
I1I-1). The second type code designates a module requiring instructor assis-
tance and one in which remedial matter is not self-contained. Note that
modules 5 and 6 both have codes which identify them as group modules per the
problem statement.

I11-7
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MODULE TYPE CODE DEFINITIONS

MODULE MODULE
_TYPE_ | REQUIREMENT _TYPE_ | REQUIREMENT
1 INSTRUCTOR 16 REMEDIAL (REM)
2 GROUP 17 INSTRUCTOR, Ri™
3 INSTRUCTOR, GROUP 18 GROUP, REM
4 STAFF 19 INSTRUCTOR, GROUP, REM
- § INSTRUCTOR, STAFF 20 STAFF, REM
6 GROUP, STAFF 21 INSTRUCTOR, STAFF, REM
7 INSTRUCTOR, GROUP, STAFF || 22 GROUP, STAFF, REM
8 FACILITIES (FACIL) 23 INSTRUCTOR, GROUP, STAFF, REM
9 INSTRUCTOR, FACIL 24 FACILITIES, REM
10 GROUP, FACIL 25 INSTRUCTOR, FACIL, REM
n INSTRUCTOR, GROUP, FACIL |, 26 GROUP, FACIL, REM
1 12 STAFF, FACIL | 27 INSTRUCTOR, GROUP, FACIL, REM
13 INSTRUCTOR, STAFF, FACIL || 28 STAFF, FACIL, REM
1 | GROUP, STAFF, FACIL 29 INSTRUCTOR, STAFF, FACIL, REM
15 INSTRUCTOR, GROUP, STAFF,J| 30 GROUP, STAFF, FACIL, REM
FACIL ' 3 INSTRUCTOR, GROUP, STAFF, FACIL, REM
TABLE 11I-1 /

Full Tt Provided by ERIC.
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Completion Time Cards. Completion time cards are used to specify the average
expected completion time for each module. Time is stated as an integer number
representing the number of times the internal model clock will "tick" before

the module is completed. The user must relate the internal clock to external
time by deciding what period of real-time is represented by each tick of the
internal clock. For example, if each tick of the internal clock represents

one half-hour of external tim>, then a module whose expected average completion
time ic two hours would be given a completion time of 4. The user must take
care to maintain consistency in using the internal clock. Student input to

the system is also governed by the internal clock and the same ratio of internal

:? external time must be maintained for student input as for module comp letion
me.

The first completion time card is identical in format to the first module type
card except for the acronym change.

The second completion time card is similar in format to the second module type
card and, in the example, specifies module 1 as requiring 6 internal time in-
crements, module 2 as requiring 9, and so forth,

Completion Time Variation Cards. Each module. in addition to the average time
to complete, can also have a range of variation around the average. When
specified, the range causes the average completion time to be modified so that
completion times range between the average miaus a specified delta, and the
average plus that same delta. The completion time is modified on a random
basis so the average completion time, over a sufficient sample, remains as
sgecif‘leda but individual completion times can vary between the limits set by
these cards.

The format of these cards is the same as those for the completion time cards.
The example given in Figure III-2 would yield a completion range for module 1
of 6 * 2 internal clock increments. The completion time variation must always
be equal to, or less than, completion time itself.

Instructors and Modul-<. Before discussing the input cards which govern the
availability of instru tors, modules, remedial moduies, etc., it is necessary
to explain the way in which the modei handles these different entities.

With the exception of "Other Facilities” (which are discussed later in this
section), all resources for which the student may contend, are considered by
the model to be a single table of resources. It is the position within the
table that identifies the type of resource under consideration. The user
specifies which type of resource occupies a particular arca of the resource
table and the number of resource ilems available.

For example, in a table of 200 resource units positions, 1-12 might be set
aside for instructors, 13-150 for instructional modules, and 151-200 for
remedial modules. .

In the example system under consideration, there are to be two instructor
groups. If each instructor group has a maximum of three instructors, then the
maximum number of instructors will be six. Consequently, positions 1-6 in

the resource table are set aside for instructors ?in practice, it is a good
f{dea to allow a margin for change in case the initial estimate of a "maximum"
turns out to be too low).

) I11-9
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Instructor Assignment Cards. This function carries the mnemonic INSTT and the
card formats are the same as those previously discussed. In the second (and
subsequent) instructor assignment card, the first of each pair of numbers is
the module numbe: and the second shows the assigned position of the first in-
structor in the group within the resource table. Note that modules 1-4 all
point to position 3 in the resource table and 5-8 all point to position 6.
This coincides with the requirement that there be two instructor groups quali-
fied to handle mod:les i-4 and 5-8, respectively.

Instructor Qualification Cards. These cards define the numbev of members in
each instructor group and are designated INSTN. As the second card indicates,
the number of qualified instructors is specified for each module. In this way,
it is possible to simulate instructor groups in which all members are not
qualified to teach all modules. -

Module Location and Inventory Cards. These two tables (MODFL and MODN) perform
exactly the same function with respect to modules as INSTT and INSTN do for
Tnstructors. The first function (MODFL) specifies the resource table location
of the module and the second (MODN) snecifies the number of available modules.

Remedial Module Type Cards. Remedial modules are treated in the same fashion
as regular instruction modules, excep. that the module number referred to is
that of the primary module, so a function to supply the module number is not
needed. MODR supplies a type code for each remedial module, MODRL locates the
module in the resource table, and MODRN carries the available module inventory.

Other Facilities Assignment Cards. As previously mentioned, other facilities -
are not included in the table of resources. They occupy their own table, but
the method for relating module number to resource group is the same as that
for any other resource. Similar facilities, such as carrels or teminals, are
arranged in groups and a module requiring these facilities is related to the
group number of the appropriate facility.

The other facilities function is called FACT and its format is the same as other
tables in this series. In the example, modules 1 and 5 are associated with
facilities groups 1 and 2, respectively. Modules which do not require other
facilities have a zero entry in the facilities group number.

Student Distribution Cards. Both the first card and the Subsequent cards in
this group differ in format from those discussed so far. The first card can
be reproduced one for one with the example, except that the digit following
the letter D must equal the number of pairs of arguments appearing in the
following cards.

Team Definition Cards. Like the module type cards and the completion time
cards, the team definition cards relgte module number to a particular module
attribute. In this case, the attribute in question is the number of members
required for a team-type module. The card format is the same as that of MODT,
TYME, and several other functions. -

¢
The illustration in Figure II1I-2 allocates two team memhers to module five, and
four to module six. Again, note that the modules specified correspond to
those designated by the module type code as being team modules. In the event
of erroneous data entry causing a team to have zero members, the model will
still process a single individual in place of that team.
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The second card differs from those previously discussed 1 that the tirst
number of each pair is no ianger an integer but a decimal fraction. Each
decimal fraction represents the cumulative total of percentages for each
student type. In the example, the first decimal fraction (.30) corresponds
to the stated requirement that 30% of the input students are type I. The
next argument (.75) is the total of 30% for type I and 45% for type II.

Other Facilities lnventory Cards. As noted, other facilities are not included
in the standard resources table. This difference is also evident in the cards
required to define the facilities inventory. A1l inventory cards have the
same format (there is no difference between the first and subsequent cards).
In each pair of arguments, the first argument, Sn, designates the facilities
group (S1 is group 1, S2 group 2, etc.). The second number in the pair is the
number of items available in that group. In the example, group 1 has 50
items, group 2 has 75. As many different types of facilities may be defined
as are required.

. OUTPUT PARAMETERS DESCRIPTION

\

GPSS provides certain standard outputs which are described in this section.
Three additional outputs have been programmed into the ETE model. Others can
be added as operational need dictates.

An alternate output format is available which yields the same data as the
standard package, Lut with labels which are specific to ILS.

STANDARD OUTPUTS. The standard GPSS outputs include the following:

a. Facility utilization - Facility, in this sense, is a general term
covering instructors, learning modules, and support facilities. In
all cases, number of students using, average time of use, and per-
cent utilization are given.

b. Queue statistics - Whenever a student is required to wait for any
reason, whether for group formation or instructor availability,
certain statistics are gathered by the model. These include:

Maximum queue length
Average queue length
Total student entries in the queue
Average waiting time,

c. Entry counts - These statistics indicate the number of students who
pass through each part of the system. While primarily useful in
logic validation, they can alse indicate unsuspected paths through
the system and point to potential overload conditions.

d. Additional outputs - Average time-to-complete: the av. -age time-to-
complete for each student type is computed and output. Number of
completions: the number of student completions, arranged by student
type, is supplied.

The format for the standard output is illustrated in Figure III-3. In the
standard format, none of the facilities or queues are identified by number.
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The user, in the process of specifying the number of instructors, modules, etc.,
during input preparation (see page I1I-5), automatically selects the range of
numbers which designate those facilities which represent instructors, modules,
etc. Queue numbers and facility numbers correspond; i.e., if facilities 105-
110 are designated as representing a group of six instructors, the queues 105-
110 represent thn waiting lines for those instructors.

ALTERNATE QUTPUT. In the alternate output format, the output data described in
the preceding paragraphs are broken nut and labeled according to their specific
function. Facilities utilization data are output as "Instructor Utilization,"
"Module Utilizatiun," and "Other Facilities Utilization."

Queue statistics are output as "Time Waiting for Instructor" and "Time Waiting
for Module."

Student statistics are cutput in motrix form with student type designating the
columns and number of students completing and average completion time comprising
the two rows.

Figure III-4 illustrates the alternate output format.
LOGIC DESIGM

The purpose of the ETE model is to project the performance of Individualized
Learning Systems (ILS) using different administrative practices and various
combinations of instructors, curricula, and resources.

MODEL TECHNIQU: SELECTION. Certain aspects of the problem addressed preclude
the use of some analysis techniques but lend themselves to others. Since the
systems to be investigated, in many cases do not yet exist and empirical
historical data arc nonexistent, mathematical analysis to identify relation-
ships between variables is not possible. Similarly, optimization where the
relationships between variables are not known to be lincar is also unattractive.

For these reasons, some form of simulation appeared to be the most reasonable
approach. Given that simulation’of proposed ILS was to be attempted, it re-
mained to choose between continuous flow and entity type simulation. cContin-
uous flow implies that a deterministic approach can be taken, at least inso-
far.as simulation of student flow through parts of the system is concerned.
Even wl ore branches within the flow are simulated by probabilistic means, the
flow between branches must still be approximated based on some form of re-
lationship, either historical or assumed.

Inasmuch as most of the ILS to be simulated will consist of a set of assumptions
on the part of the course designer, the combination of an assumed course con-
figuration plus ascumed flow characteristics is .not likely to produce results
upon which design decisions can be based. If ILS were common within the

naval training system and historical data plentiful, tle ETE model might well
have taken the form of a deterministic flow simulation.

Where the system can be defined in terms of available resources and course
steps, and the system to be simulated consists of a course, or courses, with a

limited number of students on board at any one time, entity flow constitutes
a viable technique.
89
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The average-on-board for the course or school being si: Jlated is probably

the key variable in deciding whether entity flow is applicable to a particular
class of jmoblem,. Reqgardless of the complexity of the model itself, each
entity (student) active in the system requires memory space to track status,
position in the logic flow, etc. As the AOB grows, the demand for computer

-memory grows and the execution time required to scan the status of all students

increases. Eventually, the computer system itself will place a limit on the
number of students that can be processed.

The results to be derived from the sirulation also bear on the selection of
the technique for simulation. If, for example, the only parameter of interest
gps the output of a collection of courses over time, then some form of
eterministic model could be postulated which would produce estimates of sys-
tem performance. If, however, the course designer wishes to derive estimates
of the effect of individual parameters within the system (such as the number
of instructors available to teach a particular course), then such a highly
aggregated -pproach would not be useful. Therefore, since the ETE model is
intended for initial use as a course design tool, a discrete entity simula-
tion approach was selected.

IMPLICATIONS OF ENTITY FLOW SIMULATION. It is implicit in the selection of
entity flow simulation such as tiie ETE modeling technique, that the events
which take place as the student passes through the system can be described
quantitatively. That is: (1) the student must follow a path whose logic is
definable; (2) the student musl obtain resources and use them for a specified
length of time; and (3) the resources used must be grouped according to a
defined taxonomy. ‘

Logic Data Definition. It is quite likely that in a true ILS, students may

Branch to certain modules based on their performance on previous modules.
This works Loth for remedial matter and for matter by-passed because of pre-
testing or a higher than normal score. In any event, since the type (i.e.y
level) uof student input to the system is not predictable, these condi tional
branches must be handled in such a way that the pattern of students branching
or not branching is random. This random branching should be constrainable by
a percentage factor so that, for example, 60% of the students branch one way
and 407 the other.

The most <traightforward way to build this capability into the model would be
to include conditional branches in line with model logic. However, as pre-
viously stated (Model Description and Functional Specifications), the design
goal of the ETE model was to produce a generalized entity flow model.

Inclusion of explicit conditional branches would reduce the generality of the
model and require the user to be familiar with the internal logic of the model.
The ETE model addresses the problem of conditional branches by having the user
specify an exact (by percentage) distribution of student types and the cur-
ricula they follow. Where conditional branches exist in a curriculum, the
user specifies two or more curricula (one representing each path) and applies
any percentage constraint to the distribution of input students by type.

This approach increases the volume vt not the logical complexity of the input
data, and maintains the generality of the model.
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Resource Grouping. The resources used by the student can be divided into two
bg§1c categories: those which he obtains from a central store and keeps with
him (such as lesson plans or manuals); and those which he uses in serial fashion
with other students. In this context, there is no difference between an in-
structor and other training equipment.

At first glance it might seem that there is a great deal of difference between
an instructor and a video tape player. However, from a quantitative, logical
standpoint they are similar. The student either has access to the instructor
(or the tape player) or he waits. Once he obtains use of the resource, he
occupies it fully until finished, at which time the resource becomes available
,to others. There is one major difference between the instructor and any other
"resource - the instructor is assumed not to be required for the complete dura-
tion of the module (as would be the case with an equipment-type resource).

The length of time for which the instructor is occupied (when required) is
calculated on a stochastic basis and is discussed later in this section under
Model Assumptions. :

Equipment-type resources might also seem to require complex modeling treatment
because of the variety of types of equipment and training media available. How-
ever, these differences are of more concern to the course designer during the
media selection phase than during the phase in which the course is simulated

for over-all performance. There may be a significant difference in the train-
ing effectiveness or training abjectives of a recognition study card set and a
game study card set, but these differences are not quantitative from a simula-
tion standpoint. As far as the ETE model is concerned each is a portable re-
source which is either available or not available.

Equipment-type resources do have some differences which are of consequence in
use of the model. For example, there is a difference in the user approach to
a lesson available only via a computer terminal and one recorded on video tape.
The model considers each module to have two possible levels of equipment re-
quirements designated as the "module” itself and "other facilities." 1In the
case of the computer teminal lesson, the terminal becomes the "module” even
though that same terminal might give access to a number of different lessons.
The telephone line linking the terminal to the computer and the computer it-
self are considered together as "other facilities."

The video tape lesson is handled as follows: the video tape is the “module"
and the video unit itself is "other facilities."

As can be seen from the foregoing, the quantitative description of different
modules is the responsibility of the user. After analyzing each module, the
user can describe them logically by means of the type codes outlined under
Input Parameters Description in this section.

SOURCE LANGUAGE SELECTION. Considering the languages available for the com-
puter system to be used for model development, the choice of source language
resolved itself to using either the General Purpose Simulation System (GPSS)
or another high level language such as FORTRAN or PL1.

GPSS is a high level programming language designed for developing entity flow
simulation models. It consists of a language translator and the control and
outpu' programs necessary to support model execution. This combination of

111-17
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programs eaables the modeler to implement a model 1n much Tess time than it
would take to develop a model of the same level of complexity in some other
high level language.

s .
GPSS is not without disadvantages. Because it is a highly general approach
to simulation, the mede’s produced are not as efficient as models written
specifically for a particular application, Furthemmore, the wodel must be
constructed according tu the conventions of GPSS with the result that some
forms of mechani.ilion may not be as exact as would be mechanization via a
tailored program. A single example will suffice to illustrate this point.
GPSS produces mudels which are entirely transaction driven. This means that
all events which occur within Lhe system occur because a student reaches soie
point within the model.

In such a con.eptualization, the instructor, for example, is a passive entity
reacting to tie demands of a student. [t is cumbersome to include activities
which are instructor initiated. Once the student begins study of a module,
he cannot be interrupted from an external source. Any breaks in module study
must be set up prior to initiation of the model.

While troublesome, these limitations do not preclude the us> of GPSS as the
simulation lanjuage. Experience to date (see Level 1 Validation Results in

this section) indicates that attempting to simulate detailed types of activity
does not yield a significant change in mode! output. Highly detailed simula-
tion is more appropriate for intensive study of a single course rather than

for parametric studies of a number of courses. Furthermore, detailed activity
simulaticn demands precise and e«tensive data on the activities which take

place in a particular course. Unless such data are available, it is not possible
to justify the cffort required to produce a detailed activity. simulation.

GPSS was sclected as the ETE model source language because the objective of
the ETE model was to provide a tool which could be tested for operational
usefulness. Therefore, the primary thrust of the effort was to produce a
model which could bc maintained by the user and which employed conventions
common to uther such models. Had the project been oriented toward the pro-
duction of elagant algorithms aimed at precise replication of detailed
activities, GPSS would not have been selected.

ETE MODEL ASSUMPTIONS. On page [11-2, four areas are listed which were considered
troublesome to mechanize. Of the four areas, three were included in the ETE

model and the fourth was not implemented. The activity not included in the

model was that of preemption of facilities by students having priority over :
other students. : 2

Preewption of Facilities. Preemption was not excluded because GPSS has no
provision for activities of this type. Gn the contrary, preamption is
explicitly included in the GPSS activity set. It was the lack of a set of
general rules.for preemption which precluded its mechanization. In order to
include any activity in a general simulation model, it is necessary to
describe those conritions under which the activity will take place. If
preemption takes place at all, will it be on the basis of rank, student type,
time of day, or some other factor? Since these conditions are apt to vary
significantly depending on the organization of the school being simulated,
it was not possible to decide on an acceptable set of general rules for pre-
emption and this activity was not included in the ETE model.

111-18
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Conditional Branching. Conditional branching is discussed under Logic Data
Definition in this section.
Instructor/Student Interaction. As stated in the Input Pirameters Description,
the user specifies which modules, if any, will require instructor/student

interaction. As with each of the areas discussed here, the problem arises not
in mechanization but in deciding what constitutes a reasonable approximation

of the activity in question.

In an ILS, it can be assumed ihat the instructor will bhe occupied with the
student for significantly less than the full duration of the learning module.
Since the fraction of completion time during which the instructor will interact
with the student cannot be predicted, it is deternined probabilistically. A
random number between zero and one is chosen and, based on that random number,
a value is derived from a curve like the one shown in Figure II1-5. According
to this distribution, the maximum fraction of completion time in which the
instructor is involved is 50%. On the average, the instructor will be required
for 25% of the module completion time. Note that this distribution can be

- eas1ly changed to reflect other time distributions.

Remedial Activities. When the user specifies that remedial matter exists in
a medium outside the modvie under study, he also supplies the data necessary
to define the type and duration of such remedial matter (see Input Parameters
Description, Page III-4). The only assumption required in this area is the
frequency of use of the remedial matter.

This frequency is also done on a probabilistic basis with 404 of the students
requiring remediation. This percentage distribution is arbitrary and, like
the distribution of instructor time, can readily be changed.

LEVEL 1 VALIDATION SCENARIOS

Before beginning any detailed discussioh of Tevel 1 validation for the ETE
model, two points must be emphasi zed.

First, the ETE mode] really consists of two parts: the logic section and the
system description (input) section. The logic used to process the input data
remains the same from run to run but the input data, which describes the ILS
to be simulated, change significantly. It cannot be over-emphasized that the
system being simulated dictates the results obtained from the model. Model
characteristics such as sensitivity, are characteristic of the ILS being simy-
lated, not of the ETE logic.

The other point requiring emphasis is that the ETE model is intended to be a
general purpose system, providing an efficient means for simulating a variety
of different IL systems. Viewed in this light, validation of the ETE model
should demonstrate two things: (1) that the simulation of a given ILS is
accurate enough to produce useful results; and (2) that the ETE model was able
to simulate the system in question, given only the input data necessary to
describe the ILS under s tudy.

STEPS IN ETE VALIDATION. The primary steps in the ETE validation scenario are:

a. Disc?fgion of methods used to reblicate different activities within
any .
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"R
b. Review of ETE logic to assure that it reflects accurately the methods
derived in step a.

c. Test runs to ascertain that the GPSS program follows the logic design.

d. Test runs using different combinations of input data to assess reason-
ableness of results.

e. Simulation of a known ILS to provide comparisons of ETE model output with
a known data source.

Mathods for Simulating ILS Activities. The basic activities required for an ILS
simulation are enumerated under Model Description and Functional Specifications

in this section. Also in the same paragraphs, other activities which were con-

sidered to represent problem areas for simulation were also listed.

-The logic for simulating the basic activities is straightforward and is described
undér both Model Description and Input Parameters Description. Netailed fiow
charts of the program logic appear in Volume III. Of primary concern during

the design phase were those activities considered to present difficulties in
mechanization. These activities and the decisions regarding their mechanization
are covered under Logic Design.

Initial Program Testing. The initial ETE test runs were designed solely to test
all possibTe program paths. Curricula for five student types were set up, and
included modules representing each type of support requirement. These runs
indicated that model problems existed when team modules were encountered and

also when team activities were followed by remedial activities. The latter
problem required a change in model logic. In order to identify the basic problem
in team module processing, it was necessary to employ a GPSS debugging aide called
Trace. When Trace is used, it causes a print-out each time a student moves from
one model block to the next. Figure III-6 shows part of a Trace output. Each
transaction represents a single student. By checking the parameter values, it

is possible to determine all conditions pertinent to that particular student,

such as: step number within course; current module number and type; equipment
requirement flags; and number of students in a team.

Although this method produces voluminous output, it does provide a complete and
accurate picture of model execution. By checking the printed parameter values,
the accuracy of the current state of the student, and to some extent his recent
history, can be checked. The Trace runs represented the most stringent test
of model logic conducted.

Reasonableness, Variability and Sensitivity Testing. Of fhese three types of
testing, reasonableness ang sensitivity testing can be cunsidered together.
Variability testing will be discussed first. :

Variability testing was accomplished by running a series of runs, each of which
was started with all initial conditions. the same except the random number seeds.
Random numbers are used in the following model functions:

a. To vary the student generation times about an average value.

b. To assign a student type to newly generated students.
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c. To provide a 60/40 distribution of students requiring remediation.
d. To assign the length of time spent by an instructor assisting a student.
e. To vary module completion times about an average.

1f the model is highly sensitive to the particular distribution of random numbers
encountered during a run, the results of these runs, using different random numbers
seeds, could differ significantly in: (1) distribution of student types produced;
(2) change in average time-to-complete due to change in remediation requirements
a:glghagge (bias) in module completion times; and ?3) change in instructor
utilization.

“Table 11I-2 1s a composite of three runs made to test variability. A hypo-.
thetical system was simulated, so no significance should be attached to any of
the outputs insofar as real world systems are concerned (for example, it is

to be expected that instructors will be utilized more than 3%-4% of the time).
Each run was made with all initial conditions set 1o zero except the random
number seed, and run until four hundred students hai been processed. Module
types specified included groups, and those requiring instructor assistance,
remediation, and other facilities.

The data preéented in Table II1-2 show little variation in either average
completion time or instructor utilization. Only in the distribution of students
generated is there significant variation.

Just how significant this variation is in terms of model results is a function
of the type of ILS configuration being simulated. If one particular student
type tends to tie up large quantities of system resources, a twenty percent
variation in the number of these students (with respect to other studeut types)
.could produce unexpected changes in model output. For the system used in this
test, the different student types tended to be similar in their demands on the
system. Consequently, little variation was encountered as a result of the
changes in student type distribution.

None of the results of these runs or other runs indicated any variability problems
which would prohibit the use of the ETE model. However, the user should be
cautious in applying model results under the following conditions:

a. If the sample size is small (e.g., runs in which fewer than one hundred
;?uden:s are processed), variability in student input distribution can be
g,

b, When the primary objective of the study is to obtain a student output
profile over time, multiple runs should be made (following the technique
described above) to check for possible variability.

Reasonableness and Sensitivity Testing. Ideally, reasonableness should be
measurable by a quantitative standard with the quantitative standard being
historical data from a real world system. Those IL syStems currently in place

in the naval training system are either too new or too limited in scope (e.g.,

an AOB of five students), to provide the desired quantitative standard. Further-
more, application of the ETE to an existing system would not necessarily test
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NUMBER OF STUDENTS GENERATED

STUDENT

TYPE l Il Il AV V

RUN 1 99 60 51 112 81

‘ RUN 2 100 59 49 11 85
RUN 3 86 79 38 123 78
EXPECTED VALUE 100 60 40 120 80
AVERAGE COMPLETION TIME

STUDENT

TYPE I 11 I IV v

RUN 1 20 16 13 23 16

RUN 2 20 17 14 22 16

RUN 3 19 17 12 23 17

INSTRUCTOR UTILIZATION (%)

INSTRUCTOR GROUP I I1 199!
RUN 1 4.6 2.8 1.4
RUN 2 4.3 2.2 3.1
RUN 3 4.4 3.1 2.2

TABLE III-2 VARIABILITY TEST RESULTS
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generality, That {s, it would be difficult to show that the mode) constructed
and the results obtained did not represent the application of a special purpose,
ad hoc model of ilie type discussed under Model Description.

- These conditions dictated a somewhat unorthodox approach to validation of the
ETE model. Concurrent with Phase 1 of the DOTS project, an in-house Navy study
of a proposed consolidated Electronic Warfare (EW) school was conducted. Early
in this study, the decision was made to construct a detailed, entity flow simu-
lation model of the proposed system. This model was completed in early 1974
and has been in use since then. At the time that the problem of ETE model
validation was being addressed, a requirement was generated by the EW school
designers to make parametric runs using different numbers of s.udent trainers,
and a different student input distribution. This requirement represented an
opportunity to accomplish both validation objectives at the same time. By

app1¥1ng the ETE model and the existing special purpose EW model to the sane

problem, it would be possible, by comparing results, to check the ETE model for
regsgnableness and also to test its ease of use vis a vis a special purpose

m e .

ObJections co.ld be raised to validating a simulation model by testing it
against another simulation model, but the techniques employed in the two models
are sufficiently different to pinpoint any major discrepancies in either model.
If the two models produce similar results, then questions regarding the validity
of the results can be considered questions regarding the validity of entity
flow simulation as a basic design tool. Of prime importance in the selected
approach, is the opportunity presented to compare the length of time required
to produce & working simulation when using the ETE model, as opposed to con-
struction of a special purpose model. If the time required to obtain results
is significantly lowered, one of the basic design cbjectives would be fully
demonstrated.

Consolidated EW School Model Description. The consolidated EW school has the
folTowTng characteristics:

a. Seven types of students.
b. Nineteen possible curriculum steps.
c. Four of the seven curricula have optional modules.

d. There are three equipment facilities: carrels; student trainers; and
aircraft.

e. Each curriculum step can include the use of both carrels and trainers.

f. One category of student has the ability to preempt equipment when
necessary.

The EW school model has each of these characteristics explicitly mechanized in
the model. Where students move between carrel and trainer (and back) during a
curriculum step, this mosement is specifically provided for. Optional modules
are handled using conditisnal, probabilistic branches coded in-1ine.

1 111-25
ERIC 109

Full Tt Provided by ERIC.



TAEG REPORT NO. 12-2

There are other inodel features which were not specifically required in the
problem statement but which were added for completeness. These features in-
clude: model operation on a twenty-four hour basis, with students leaving for
lunch, and at the end of a school day.

Probiem Stitement Using the ETE Model. As has already been discussed (see
Logic DesTgn), the ETE modeT does not include explicit capabilities for con-
ditional branchas in a curriculum or for preemption of facilities. Optional
modules were handled by creating separate curricula and by subdividing the
“input student classifications according to the stated probabilities that
certain modules would be used. Preemption was not included.

A]&hough 1t would have been possible to define submodules which would have
provided for student movement back and forth between carrels and trainers
during a single module, this would have reauired definition of about two-
hundred submodules. Instead, carrel time and trainer time were defined as
single evants durin? any one wvdule. Even then, as many as fifty-six modules
(vice the nineteen in the problem statement) were required for some curricula.
Figure I11-7, sheets 1-3, show the input data required to simulate the EW
schooi.

The ETE mudc]1 operates on & continuous time basis. Hence, there is no pro-
vision for 1die time in the school, and results are given in total school hours
rather than calendar days. This difference also required a change to the ETE
model student yeneration function in order to achieve the same input rate as
the EW school model. Note that this change was required to duplicate the EW
school model for comparisen purposes and would not normally arise when the
user formulates a problem for the ETE model.

With these stated excepticns, the ETE model had all the requisite capabilities
to duplicate a highly specialized simulation model.

RESULTS COMPARISON. Taile IIT-3 shows a comparison of twe runs made on the

EW School model and the ETE nudel. The differences between the two models with
regard to time per school day, previously discussed, required that outputs

from one mod2l be translated into the same units as the other. It is for this
reason thal the principal outputs were condensed in tabular form rather than
being presanted directly as computer print-outs.

Little comentary is required concerning the comparison of results. Wi.ere
translated results permitted comparison, a deviation of 4.9% in average time
to complete was the worst case. Even this discrepancy is probably due to the
fact that that particular student type comprised ¢nly 3.2% of the student in-
put and, as such, represented too small a sample (only a single student for
the special purpo-e EW model) to permit valid comparison.

The fact that the ETE model did not include preemption, student movement be-
tween carrels and trainers during a single lesson plan, or simulation of a
twenty-four hour day, did not materially affect the results obtained.

Problem Formulation Time. Since one of the design objectives of the ETE model
was to provide a vapid means for applying simulation to IL systems, the time re-
quired to obtain useful results, given a specific problem statement, is highly
important. The EW school problem took about five days to prepare and run on
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FIGURE I7I-7 (CONTINUED)
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.the ETE model, with some loss of time in obtaining problem statement data.
Given a problem statement formulated in accordance with the requirements of the
ETE model, two or three days should be adequate for a problem of this magnitude.

With the exception of the CTE model change required to match the student input
rate of the special purpose EW school model (see Problem Statement Using the
ETE Model), problem formulation consisted entirely of input data preparation.

MODEL SENSITIVITY. As previously stated, sensitivity is more a function of the
ILS being simulated than it is of the ETE model itself. The EW ILS is highly
sensitive to input student rate. For example, a change of 11% in the input
rate causes a greater change in system performance than a change of 20%-25%

in the number of available trainers.

This phenomenon was also experienced when earlier test runs, using other types
of ILS, were made.- A1l ILS configurations so far simulated, have exhibited a
"layering" effect in sensitivity. This layering effect causes a single variable
to mask the sensitivity of the system to another variable.

For example, in the EW School ILS, the system proved relatively insensitive to
the number of trainers available (which was the parameter of interest to the
designers)..because the student input rate, the number of study carrels, and
the Tength (in time) of the lesson plans combined to mask the effect of the
variable in question. If the number of carrels was increased or the length

of time spent in the carrels decreased, the system would then become sensitive
to the number of student trainers available. ’

LEVEL 1 VALIDATION RESULTS

A1l of the numeric results of ETE model testing were presented under Valida-
tion Scenarios. It remains to summarize those results and to point out any
significant factors regarding the ETE model, its perfermance, and its application.

ETE MODEL PERFORMANCE. A significant difference exists between the special pur-
pose model and the ETE model. The special purpose model took 3 hours and 20
minutes of computer time to simulate 80 days of school time. The ETE model took
35 minutes to simulate the 80 days of school time. The implications of this
difference will be discussed in the summary at the end of this section.

The ETE model did exhibit sufficient variability to warrant a caution to be
issued to the user.

Model performance, with respect to problem preparation time and problem execution
time, appears to be acceptable and warrants use of the ETE model for any further
EW school studies. Model sensitivity and reasonableness were the same for both
the special purpose mudel and the ETE model. ‘

SUMMARY. Experience gained in testing the ETE model leads to the following
statements concerning the application of simulation to IL systems.

Complexity of Representation. The almost seven to one reduction in execution
time exﬁigited by the ETE model when applied to the EW school problem, results
from its relatively simple system representation. Complex problem mechaniza-
tions are costly and should only be used when the system under study is very
precisely defined. .
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System Sensitivity. The sensitivity of the EW ILS to input rate indicates that
tﬁe TnTtial problem statement should have included a student AOB. This would
have made the system less sensitive to input rate and more sensitive to school
configuration. The :zonclusion to be drawn from this is that the user must
review the results obtained from any simulation, so that studies are conducted
in step-wise fashion. When cne variable appears o be the principal system
driver, «dditional parametric studies involving uther variables will not yield
meaningful results. -

Because of iis generality, the ETE model provides an effective tool for con-
ducting initial sensitivity studies on any ILS. When sufficient system data
exist to justify very detailed simulation, special purpose models can be
developed beginning at a high level of system definition.

, 107
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SECTION IV

TRAINING PROCESS FLOW MODEL
MODEL DESCRIPTION AND FUNCTIONAL SPECIFICATIONS

FUNCTIONAL SPECIFICATIONS. The objectives of the Training Process Flow model
are:

a. To provide training management with an ability to assess the effects
upon the training system of projected changes in:

(] Demand
.9 Scheduling

(] Capacities

(] Student Attributes.

b. To develop model output data formats that provide high informational
content to training management, so that effective decisions can be
made for maximizing the utilization of training complex resources.

The TPF model will be capable of assessing the impact of changes in certain
input characteristics at the course level, and of showing the effects of these
changes at the school and complex levels. Some examples of the course modifi-
cations which can be entered into the TPF model are: .

a. Annual demand

b. Class capacity

C. Annual number of convenings

d. Course length

e. No-show rates

f. Student failure rate

g. Student setback rate

h. Selected student attributes; e.g., average GCT scores.
The model is intended to have two levels of data access; one level is into the
existing DOTS data base which is also used by the SCRR model; the other is in-
to the Statistics data base. Operation of the model at course, school, or

complex level is possible through selective transfers of data from the DOTS
data base to a Scratch data base which can also be accessed by the TPF model.

¢
The final output effects of the model are measured in terms of:

Full Tt Provided by ERIC.
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a. Averdyge-on-board (AQB)
b. Utilization ‘
c. Bauklogf-
intermediate offects available as model output are:
a. Pass/fail rates
b. Jetback rates
¢. [lo-show rates,

The Model Description section expands upon these areas and provides examples
of output reports which present_these types of data. _

MODEL DESCRIPTION. Figure IV-1 shows an outline of the 1PF model, and the
major support program:. integral to the overall TPF ‘model system.

.Mode] Programs. The TPF model is designed to be operate: as a stand-alone

- modeT, or 1n conjunction with the integrated system shown in Figure IV-1,
The purpose of the TPF mocal is to analyze individual course demands, schedules,
capacities, and student attributes as known at the beginning of a fiscal year,
and project these data for periods of up to tnree years. Specifically, the
inputs required concern course capacities, lengths, convening schedules, local
and BUPERS demand, and historical rates for no-shows, failures, and non-academic
dropouts. These inputs are based on current or projected schedules and loads,
and are readily aviilable from existing printouts, reports, and plans. One
final group of input data elements concerns student attributes. This includes
characteriscvics suzh as the student's scores on the various Armed Forces
entrance exar's, rate, age, service time, and other parameters. This statis-
tical input is discussed in detail in Volume IIT, Section IV. It was decided
tc analyze this large amount of statistical data offline, rather than as an on-
line component of the TPF model. However, lhe results of this offline analy-
sis are made available to the TPF model as an input.

The TPF model will accept data from two main sources;. first, the DOTS or modi-
fied DOTS data base, and secondly, from card input. This dual input capability
1s important to the user. The DOTS data base interface allows the user to
analyze projectionrs based on the current operational plan, including the
latest revisions. The capability of modifying this data base allows the
testing of alternate plans within the overall system. The alternate card

input allows the studying of several alternate plans, without the need to
update the data base. ’

Any input parameter to the model can be considered a variable for manipula-

tion to achieve the desired end results. Any course length, capacity, schedule,
demand, or attrition rate can be modified for detailed analysis. The model

also allows the operation of a course with one set of characteristics for

part of a model run, and an entirely different set of characteristics for

the remainder of the run.
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The TPF model print format contains a synopsis of the input data on the left
side of the page and auarterly projections on the right. See Figure IV-2,

The courses are normilly grouped by schools, with a school summary report
following each yroup of courses. A Center report is also printed to allow
evaluatiun of any changes on the overall Center totals. The model also allows
execution of the saue course under 'different configurations in one nodel
execution to give side by side comparison of the effects of alternate inputs.

Support Programs. The support programs fall into three categories, those pro-
grams that interface with and support the data base, those that provide
formatted inputs to the mode', and those that support the statistical analysis.

The programs thut support the DOTS data base, provide update capability, and
allow the creation of a .cratch data base, are covered in Volume III, Section V,
of this report,

Two programs suppori tlie interiace between the TPF model and the data base
parameters. The first program, UNLOAD 1, allows the model to execute with
current or scratch duta base inputs, with additional steps required by the
user. This program fornats the data base parameters into “card image" re-
cords, which are compatible with the alternate TPF model input formats.

The third yroup of suppcert progiams corvelates the student statistical aver-
ages with the significant ceefficients from offline regression-analysis pro--
grams, and piovides statistical failure rates for those courses undergoing the
analysis. This allows the user io modify such student attributes as average
rate, average age, or average *est scores, and automatically update the TPF
model failure rates. The support programs that provide this function are
called FAIL1, FATL2, and FAILS,

INPUT PARAM:TERS DESCRTIIION

Four rimary inpit parameters were defined and analyzed during the design
portiun of the Training Process Flow model effort. The four inputs, student,

.demaid {or lvad), behaviur, and delivery system, were further subdivided into

a nun.er of specific attributes for detailed study. During this detailed study,
it | 2came obvicus that 'hese inputs fell into two specific categories; those

tha¢ pe tainec Ly s.udent behavioral characteristics, and those that made up

the mechanrics oi the schuolhouse operation. It was decided at this point to
study these twn catngories as separate entities. The analysis of the student
characteristi: s was zarried out, in part, using various programs in the Statis-
tical Packaye .ur Lie Social Sciences, Data were gathered from several sources,
and ¢ ma oy effort went into this portion of the study. A detailed discussion of
thes.. :iforts way be found in Volume I1I, Section IV, of this report. During the
entire study, however, there was much interplay between the two tields of study,
as the statistical analysis often answered questions as to what affected certain
elements in the training complex operation; and likewise, understanding the
mechanics of the Fleet Training Center, Norfolk, Virginia, gave much insight

into the nature of the stalistics obtained.

The first part of this discussion will center on the various elements considered
as potential inputs to thn TPF model, .followed by a description and format of
those inputs actually required for operation of the model. jn its current form.
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Nearly all of the data and statistics gathered pertain to the Fleet Training
Center, Noifolk, Virginia, which, for the remainder of this section, will be
referred to as the "Center." : ~ %

TPF CANDIDATE CCURSE DATA INPUTS. The course, combined with the school facili-
ties, has becen termad for this study, the delivery system. Several parameters
were singled out fur study as to their inclusion in the TPF model. These
parameters are:

a. Course type

b. Course complexity

¢. Course length

d. Instructors

e. Facilities

f. Materials

g. Media

h. Training aids and devices

1 Support personnel

J. Shift work requirements

= k. Locaticn of training

1. OQuiside as iynments

m. Degrec of remediation

n. Relevaicy to job

0. Testing system.
Course Type. This refers to the type of course and the teaching method. The
courses sfudied at the Center fell generally into two categories, team or un-
graded training. and lockstep. A team course can be categorized as one that in
most cases produces no failures. Examples of this are course 510B, Firefighting
Team Training, which processed approximately 2275 students during the last
fiscal year without a failure, and course 509N, Damage Control Repair Party Team
Training, which processed approximately 4075 students without a failure. Indoc-
trination, orientation, and refresher courses also fell in the team or ungraded
‘category. At this Center, students attending these types of courses are approxi-
mately one-third of the total students, However, these types of courses tend
to be short, and the Average On-Board (AOB) they contribute is nearer 10 percent
of the total. One of the primary objectives of this study was to suggest methods
to improve throughput®of the courses through the analysis of failures. Obviously,

courses that don't produce failures defy this portion of the study. On the other
hand, these courses contribute heavily to the inefficient use of certain resources

IV-6 343
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due to the high no-show rate experienced. Thus, these courses were inputted
to the model as team courses (type code) to indicate their non-graded policy,
and will be discussed again in the section covering demand. _

By far, the largest category of courses could be termed conventional or Tochstep.
It was out of this group 2hat_courses were chosen for statistical analysis.

The majority used some method of grading, although there were several grading
systems in use. The reason for this non-standardization in grading could perhaps
be attributed to the fact that neither the grade nor the student's standing is
recorded in the data base maintained for the Fleet Training Center by DPSCLANT
as part of the student data system. Instead, this data base contains a Student
Action Code, or SAC, which indicates such status as ,tudent on-board, enrolled,
disenrolled for academic reasons, accelerated, or set back. This code gave some
insight into certain activities of the students, but again failed to provide a
dependent variable with which to measure student success. Thus it was decided

to obtain the actual grades and standing of students in a representative sample
of these lockstep courses in order to run the desired analysis. This was
accomplished by obtaining copies of all course records for 42 of these courses
for the last six months of fiscal year 1974. The numerical data gathered were
used as inputs to the statistical analysis study, while the instructor's notes
and subsequent interviews were used to determine portions of the model scheduling
and disenrollment logic. Another type of training conducted at the Center is
ILS, or Individualized Learning System. ILS-may take two forms at the Center,
scheduled instruction and Programmed Instruction (P1). Only one course is
currently held at the Center using ILS, and the model makes no special provision
for this type of training. On the other hand, once a course is converted to PI,
its administration is no longer a responsibility of the Center, and the course
does not appear in the model. As the TPF model is a flow, rather than Center
resource model, no provision is made to inciude the effort expended to convert
the course to a Pl format. ‘

Course Complexity. It was felt that the model should use as an input parameter,
some factor to indicate course complexity. However, no relationships between
actual complexity and failure rates could be determined. For example, course
0286, General Technical Stores Operation, produced a 35.4 percent failure rate,
while the failure rate for all courses in the technically more complex ET
school 1s between 1 and 2 percent. This is attributed largely to relevant
schoo11n? and student preselection, and thus course complexity was removad from
our model input parameter list. NAVMACLANT has been doing studies that involve
:het;rea of course complexity, and it is recommended that this area be pursued
urther.

Course Length. Course length was initially included as an input parameter with
The belief that ‘the longer the course, the higher the possibility for non-aca-
demic disenrollments for personal or operational reasons. Although course length
does offer a variable window for these conditions to exist, again no usable re-
lationship was found to exist directly. In longer courses, the increased
potential for dropout appeared to be overshadowed by the course's relevancy to
the job or challenging technical content, as well as by improved student selec-
tion. Also, it was concluded that, by and large, for courses greater than two

Q .y
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weeks, students droppiny out for non-academic (easons had similar character-
istics as those who fail. For shorter courses, especially those where the
training is not overly critical to the operation of a ship, the non-academic
dropouts are nore aligned with immediate operational demands. Length is also
not used in calculating pass/fail statistics, but is in the date base as

an inderendent viriahle for statistical study. The TPI mude: does use ccurse
Tength as an input “or scheduling and AOB purposes. '

Facilities. The ferilities used to corduct classes were used as inputs to the
TPF model only to the extent they affected course capacity. These facility
capacities are aiso inputs to the SCRR model. No analysis is made as to the
type or quality ol these facilities and their subsequent impact on the course
failure rate.

Media and Training Aids. As stated earlier, the studies centered on the char-
acteristics of the students, and the attempt was made to relate the failure rate
to the characteristics ¢! the student. Quite obviously, much can be done to im-
prove the course content through the use of various training aids or devices,
and during the study many indications of this were found. However, the impact
on failure rate from the introduction of new or improved training aids and
methods is an offline study. Thus, the usa of these aids might revise the
failure rates for input to the model, rather than being a direct input.

Support Persoinel/Shift Work. The SCTRR model determines the feasibility of
accomplishing the desired training plan with the direct teaching resources avail-
able. Thus, any proposed convening schedule should be verified using this model.
Neither model makes an attempt to analyze other support personnel, or the effect
of possible reoirganizations on these resources. Also, as only a small fraction
of the “raining at this Center is conducted in the evening, no attempt was made
12 ghis study 10 analyze the relative effectivenes of training on different
shifts.

Location of Triining. This data element refers to the location of the training
reiative to 1.2 student's base location. The most common interpretation refers
to a stiude.’. - ..ti ed in the Norfolk area, versus one sent from outside the
grea to attenu schools. One class of this latter group of students, those
students on PCS nriers, was extracted and subjected to statistical study. PCS
code exists as purt of the statistical data external to the model. Anou.er
interpretr cion of 'acatior cide found to have some significance was the ract
that the s.udeni was aboard ship or on shore duty. Again, this factor was made
part of the stalistical analysis and not entered directly as a mode! input. A
third locatinn code was identified, that of TYCOM sending the student. This
TYCOM code avain i+ used in the statistical analysis.

Qutside Asiigrments/Degree of Remediation. Several of the courses require out-

side assignments, and some identitiable percentage of the failures are caused
by lack of successful completion of these assignments. Likewise, most instruc-
ters were willing to spend considerable time and effort on remedial activities.
Howevar, these paramcters are not loaded directly into the model. This is be-
cause these faciors are adequately covered by the student characteristics
already av.ilable. In the first case, outside assignments, a high correlation
was found uctwe~n lack of experience and the amount of outside effort necessary

Iv-8
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to assure success; likewise, in the same courses there was a simila¥ correla-
tion between experience and success. In the second case, remediation, this
remediation was available to all students, and thus, success when remediation
was required depended again on a combination of other factors. Tin summary,
the lack or avajlability of remediation may vary the averall course failure
rates. However, this failure rate is a TPF model input.

Relevancy to Job. This factor stood out quite strongly in the studies of

storical Fajlure rates. Probably the most striking example was the comparison
of course 3150, Storekeeper, Independent Duty, with a failure rate of 2.9 per-
cent, with similar course 4700, Storekeeper, Dependent Duty, with a failure rate
of 14.6 percent. These courses are quite similar, cover the same fields, both
award NEC's, and in fact have common sections. The difference in failure rate
must be attributed primarily with the relevancy to the job, coupled with the
obvious preselection of students. Again, this element is not used as a direct
entry to the model. but is considered as a statistical input.

Testing System. Finally, the method of grading came under review. As stated
garTier, several methods are used for grading. They vary from ungraded, to
arbitrary attitude decisions, to outstanding/good/weak systems, to point and
percentage. The method of grading was not analyzed as to its effect upon student
progress. Rather, it was necessary to standardize these inputs in the statis-
tical data base so that valid comparisons between courses could be made.

TPF CANDIDATE DEMAND DATA INPUTS. As with the course data, several initial
assumptions were made as to student input demand parameters. They were:

a. Number contending for training
b. Fallout during enroliment window

No-shows

a o

Unplanned inputs
Attritions
Setbacks

“h ®

Average-on-Loard

h. Timing of arrivals
i. Fleet movements
.. Weapons systems cycle.

A discussfon of these patential inputs follows.

Number Contending for Training. This term is analogous to demand. Demand it-
Self, during the study, was shown effectively to consist of two components at

©
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scheduled by ail other cgencies. The large majority of this latter demand is
controlled Ly NUPERS and, for purposes of this study, a1 students not scheduled
by local ¢« ta control were grouped for demand purposes into the BUPERS
category. This included ,tudents from the Coast Guard, Marines, Federal Bureau
of Investiyatior, and other Governmental and civilian agencies.

Fallout During Enrilient Vindow. This input element was intended to show those
quotas requested ana ther cancelled prior to the course start., However, it
proved impructicai tu collect these data, so the item was dropped as an input.
One rationalication fur ihis was the fact that during the initial appraisal of
the input parame‘are, it was felt that this fallout would increase as the course
backlog, or length of time till rext quota, increased. Ouring analysis, this
was found not to be so. Falluut aiid no-shows were more a factor of relevancy to
job than to &ny wait time to attend a course. :

No-Shows. ‘'leny «:la were gaihered to ascertain no-show figures for the school.
DPSCLANT wa.nt ins a file ..» part of the Student Data System containing all
Yocal quotas requested and, subsequently, those quotas that are utilized. A
program was wriiten at IBM's Cape Kennedy Facility, and through the cooperation
of DPSCLANT, ihes? data were ruduced for model input. A sample printout of this
report is shown ia Figure IV-3., No-shows were an important part of the study

——n

as they stéal capacity and, in some instances, cause backlogs for critical courses.

The data cbtained from DPSCLANT nut only contain the numbers of no-shows, but
ship type, ‘iead tim:, TYCOM, and numbers of quotas actually utilized. Only no-
show percentiges were used as medel inputs, but it is believed that additional
statisticul analysis of this area will prove useful.

There is an indication that a strong statistical relationship exists between non-
acadenic dropouts and failures for courses greater than one week. This was one
of ihe areas, however, that because of time 1imitations, could not be pursued.
There ore, the mod'l presently uses historical non-academic rates as an input,
with othur nruvisicns for future updating through the statistical program inter-
face. 0.e probl m area .uncovered in the statistical analysis of failures was
actually ! i{iin; "what is a faflure.”" The best example of this is in course
536N, souiiur Feedwuter gnd Test. During the last six months of fiscal year
1974, this course recorded one failure, while a much higher percentage of the
students were not cerlified upon course completion. This again points to the
desirability ior siundardization in grading systems.

Average On 3ovpd. At the beginniny of the study, this variable was considered
an input tr be ured by the model as a control figure. During the development,
huwavar, 1t was dropped as it was felt more desirable to calculate the AOB
basad v 7 .2auds a.d convening', and let the user interpret the results and o
man.ally adjust the inpuis to uchieve the desired results.

Timing of Arri.als. One probiem confronting the Center is the extreme varia-
jons a gémirty y 'inpredictable arrival rate of students for training. This
unpredicteb s nature of the inputs is compounded by Fleet movements, the number
of sour.es of students, and the variety of priority schemes. Fleet makzup and

My
Iv-10 157



pEST (N AVMLABLE TAEG REPORT NO. 12-2

1l N 1C P CECILODO53 LT PATTERSON J=36/580~- i %
2 N IMEREDITH ODA90 ENS HANNUNM J-38/500~ i 0
3 N LVOGELGESADLS62 ENS SHACKELFORD J=-38/580- 2 1
4 N 3SARATOGA CV60 CH SANDERTER J=-38/580- 1 0
% N 4PORTLAND LSD37 53 J=-38/580~- 1 0
6 N &M WHITNEYLCC20 PN2 BROWN 1510 J-38/580~ 3 2
7T N SCALOOSAHAAQIR ENS IRLAN J=38/580~ 1 0
8 N 5SAN DIEGOAFSS PN2 ROHLFLING J=-138/500~ 1 0
9 N SSHAKOR1 .ATFle2 ENS SPANGLER J=38/580- 1 0
10 N 6L Y SPEARASYS PN3 FRYpAY J=-38/580- 1 0
11 N INAVWEPSTADALGHRENENS RICHIE J-38/500~- 1 o
COURSE: 8202 QUOTA REQ: 14 QUOTA UTILS 3 NOSHOS 11
1 N 1GORRY . Q0817 ENS LASKINS J=201~ 1 0
é N LCONYNUHANDDGLLT 101 J=-201- 2 0
3 N &F MARION LPA249 LT JOHNSON J=201~- i 0
4 N INCHON LPHI4 LCDR GILLEN J=201~ 3 e
% N &HARLAN COLST1196EwS DUDUY J=-201~- i 0
6 N ABOULDER LSTL190LT FREEMILL J=201-~ 1 0
T N 'SSYLVANIA AFS2 LTJG BLAKESLEY J=201- 3 0
8 N S8UTTE AE2T LT BUTLER J=201- 1 0
9 N SBUTTE AEZ? LT BUTLER J=-201-~ 1. 0
10 N SOPPOATUNLARS4L LTJG BROWN J=201-~ 1 0
11 N SSEATTLE anE3 LT PLANTE J-201-~ 4 2
12 N SSHANKOR] ATF162 LT ALM . J=201- 1 0
13 N SSEATTLE AOE3 LT PLANTE ' J-201~ 2 0
14 N OKIYTIWAKEASRLI3 PNC FIELD J=-201- 1 0
e 1% N 9COMMSTA NORVA CH COBERS J=201~ 2 O
COURSE: 827¢ QUOTA REQ: 25 QUOTA UTIL: 4 NOSHO: 2l
1 N LAYLWIN DE1081 ENSOENEGRE J-201-~- 1 0
2@ N IR E BYRD 00G23 LT MILLER J=201- 2 0
3 N IR E BYRU DDG23 LT MILLER J=-201-~ 1 0
& N LTALBOT DEGS  ENS CMHAMBERS J=201- 1 0
S N LVREELAND DE1068 1117462 DEC 73 J=-201- 1 0
6 N LVOGELGESADDBS2 433 J=201- 1 0
7T N IWAINWRIGMLDG28 RM1 STELSER J-201- 2 0
R N 4SAGINAW LST1188ENS ELAM J=-201- 2 0
9 N 4CORQONADO LPODLL RMC SMALLACOMBE J-201- 1 0
10 N 4BRNSTBL CLSTL197PN2 OLEGARIO J-201- 1 0
11 N TMORGENTHAWMECT22154220 J-201-~ 2 0
12 N THIDGETT wWHECT26LT CLSEN J=20)~ 1 0

4

COURSE: 8282 QUOTA REU: 16 QUOTA UTIL: 0 NOSHQ: 16

FIGURE I1V-3 SAMPLE NO-SHOW SUMMARY PRINTOUT
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movements cffer one potential for a model to be associated with the TPF model.
Through the study of historical data, it is possible to predict the demand for

many of the courses based on ship type and TYCOM. However, a large portion of

the students at the Center are aetailed from BUPERS, whose planning cycle is
outside the pre-ent scope of the TPF model. Secondly, many students are

seasocnal, su¢ 1 as midshipmen and reservists, which again would form another

input tu any Ficet model. Another complexity to a Fleet model is the priority
schemes Tur gintas among and within TYCOMS. Finally, precommissioning

activities impo~= demends that are unique in nature and add to the complexity.
During Pnaue I ui this .tudy, a Fieet model was discarded as of limited value

in a model system of this type. During this study, it again became apparent that
the benefits tr L2 obtained by the dynamics of an input Fleet model are not L
presently worth the large additional effort. |

Weapons Systum Cycle. This input again represents an attempt to automatically
introduce dynamics to .he input demand. However, this input requires offline
analyses, and tho demands imposed by the various stages of the weapons cycle
can manually be iuputted through the standard model schedule and demand inputs.

DATA BASE INPUTS.

‘A1)l mude! parame.ers for the TPF model can be stored in the DOTS data base.
Volune IIX contains the complote format and undate procedures for loading and
updating. Hcwever, ceirtain of these data elements should be defined in this
model to assure proper operation of the TPF model. Also, all formats and
further definition are found in Volume III, Section IV, of this report.

Many of the ¢ata agjregated for the current TPF model have been obtained from
several sources. A prugram was written to assist the gathering effort, and to
analyze the ¢ifference’ in data from alternate sources. An example of the data
gathe: iny io0i 1ah is > own in ["igure Iy-4.

COP. The CDP .umber i< ihie new 4 character data processing code for all courses.
This code 1s requii s fur data base input, but is used for printout identification
only in the TPF ~udel,

SCHOOL. 1 :¢ school co:e is the 6 character code for schools of the Fleet Train-
ing Center. The TPi mudei calculates totals upon encountering a new school code
in the inpat ~trean.. Thus, it is important that care be taken that the correct
code 1s cenier.?, and that the courses be entered in sorted course order.

CHANGE DATE. The .har,2 Jale allows the model to represent course changes. The |
"A" conveni.gs, engths, and capacities will be used by the model prior to the
chang: week, anJ the "B" convenings, lengths, and capacities will be used follow-
ing the chanya week. Tiue data entry for change week itself is the week of model
run in which the "A" sciedule should be dropped and the "B" schedule picked up.

An entry of 53 (first week of second year), for example, would indicate that the
"A" schedule should be used for the first year, and the "B" schedule for sub-
sequent years.

Iv-12 119
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CONVENINGS (A AM0 Bj. This represents the annual convenings per year for a
course or, in the case uf a course undergoing a change, the convening frequency.
For e4ample, if a course convenes every other week for the next three months,

then ends, thc "A" convenings should be entered as 50, the change week entered

as 13, and "B" cunvenings :hould be entered as 0, which will terminate the course.

LENGTH (A AND 7). Leagih represents the actual course length in weeks, and is
enter:d in t'¢ dota base with 1.0 representing a one week course, and 0.2 repre-
senting « one day couise, “A" represents the course lergth prior to a course
change, and "L" represents the length subsequent to a change. Only the "A"
length is required if no change is indicated. The TPF model executes using
course length in either weeks or days, depending on the option chosen through
the AOB constan®, parameter. If the days option is chosen, a two week course
(2.0) will be cunvertad to a twelve day course by the model (10 school days plus
two weekend days).

CAPACITY (A ANZ B). This represents the current limiting student capacity, per
class, of the course. "A" represents the length prior to a change date, while
"B" represents the length subsequent to the change date. This capacity is the
maximun aliowable student input, and includes locally scheduled students, as
well as BUPZRS scheduied students. ' - -

BUPERS CAPACITY (A AND B). T:is is the number of seats controlled by BUPERS or
other agencies, and is a portion or all of the capacity of the class for those
courses uiider BUPERS control. If a BUPERS demand is indicated with no BUPERS
seats, a warniing message will be printed and the BUPERS demand will be honored.

BACKLOG. This represents the length of time in weeks a student must wait for a
scheduled rJota in a co.rse whese nearest convening is totally booked. This back-
Tog in weeks is converied to ;tud:itts backlogged during the TPF model initializa-
tion. The TPF reno-t .ists the backlog in both weeks and students. Some intu-
ition must ha v-ad to resolve those unique cases where the actual backlog in
weeks 15 1wt clear. Fxampies of this situation are courses that may convene

very infreque .61y, or those courses with quotas reserved by TYCOM. such as where
all cuotas ava . . d escept for CUMSUBLANT. It is anticipated ."at the data
base wil! L: modiTiod to aliow the backlog input to be in students during the
Phcse 111 edfort.

DEMANU. Tlis repiesents the planned annual input to the course for students
booked throu,h 1o.3l quota control. It does not include students scheduled
through BUFEPRS.

QUPERS DEMAMD. This input represents the planned BUPERS annual demand for the
course. This ai.rual dersid will be honored by the TPF model, even if overbook-
ing of classas is involved.

FAIL RATE. This represents the historical failure rate for the class, including
academic dropouts. Statistical inputs can overwrite these data for selected
courses.

NO-SHOW RPTE. This is the historical .o-show rate for students scheduled through
loc?l qu?ta conirol. This is defired as "No-Show Rate = No Shows/(No-shows plus
utilization;."

< ub
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NON-ACADEMIC DISENROLLMENT RATE. This represents the historical dropout rate
for non-academic reasons.

J NUMBER. This is the last 4 digits of the J numbering system (presently being
replaced by CDP designations). A1l J numbers for the Center and in 2. This
number is used both for reference purposes, and also to load statistical data,
as DPSCLANT historical data files have not been converted to CDP numbers.

. OFFSET. Offset 1s an optional input and is used to modify the schedule matrix
to allow fine tuning of the actual convening date of courses with low convening
frequencies. The primary purpcse of offset is to assure that the AOB created by
a course convening is allocated to the proper quarter. Courses with convening
frequencies between 1 and 50, will convene according to the matrix shown in
Figure IV-5, Offset allows the user to shift this matrix to the right or left.

, - For example, an offset of 3 will subtract 3 from the actual week in session.

Thus, week 4 of the model run would use week 1 of the matrix; model run week 5

would use matrix week 2, and so forth. This matrix should be considered a "wrap

around” matrix, that is, week 53 should be treated as week 1.

Full Tt Provided by ERIC.
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NEC/CATALOG NUMBER. These two elements are printed in the TPF model report
for references. They are obtained from the DOTS data base, are not used in
processing, and are not considered model inputs.

OUTPUT PARAMETERS DESCRIPTION

'The primary TPF model output is the yearly course summary format, shown
in Figure IV-2." This format is broken into two parts; the left portion which
gives a synopsis of the inpu: data, and the right hand side which tabulates the
fiscal year projections bas~d, in part, on those input data. The data elements on
the left have been previously described. The following discussion will, there-
fore, concentrate on the yearly course projections.

FORMAT. The output is broken into 4 quarters of equal length (13 weeks). The
first quarter is assumed to start 1 July of the fiscal year. This is signifi-
cant as the model will not run courses during the Christmas period, which is

. assumed to be the last week of the second quarter, and the first week of the
ghlzd ?uartgr. Araual iotals, as well as percentages, are printed for applicable
ata €lements.

NUMBER OF CONVENINGS. This represents the total convenings of the course, by
quarter. A convening date is defined as the day of the first class for a course
section. Thus, convenings are accumulated for a quarter based on the beginning
date of the class. For example, if a course with a Tength of 11.0 weeks con-
vened in the 13th week of thc 1st quarter, the convening will be counted in the
first quarter, even though the bulk of the student AOB falls in the second quarter.
The mode]l calculates course convenings based on annual convening frequency, the
current model week, offset, and change week. An example in the use of change week
to terminate a course can be found in Figure IV-2. The first course, CDP number
3081, is scheduled for disestablishment approximately 7 November. A change week
of 18 is enterad with a new convening frequency of zero, and it can be seen that
gne co:zse {s terminated with only one convening in the second quarter and none
ereafter, y

COURSE CAPACITY. This represents a total of the limiting student capacities

on the duy each course was released, by quarter. On the day a course convenes,
the model tests if this convening is prior to or after a schedule change date,
and the current capacity is used. .

UTILIZATION. This is the total number of class seats occupied on the day the
course convenéd.. That is, it is a total of the local quotas granted, minus no-
shuws, pius BUPERS input, pius substitute quotas. The exact algorithm that con-
trols this is discussed in the Program Description portion of this section.

This algorithm does make allowance for overbooking of critical courses. An
example of this is course 3400, in Figure IV-2, Which shows that during the
first quarter this course ran at an average of 102.2 percent capacity to work
off a schedule backlog.

NO-SHOWS. This 1s an historical average of students not showing up for the
course who had previously been granted quotas. Only that portion of students
schedule. through local quota control is counted in the no-show figure.

Iv-16 )
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Students scheduled from BUPERS do not contribute to no-shows in this model

as: (1) they are usually under TAD orders; and (2) the school has no record
of these students until they arrive. No-shows also are not derived from
substitute quotas for obvious reasons. Based on this use of no-show rates, it
is important that the historical no-show rate entered in the model be based on
the sum of no-shows and utilization, and not on utilization alone.

BACKLOG. Backlog is defined as the time a student must wait for a confirmed
quota in a course that is booked. The backlog printout is a snapshot of the
actual backlog on the last day of the quarter. The model input portion of the
format gives the initial, or beginning backlog, while that contained in the
annual totals column is the ending backlog, which is identical to the 4th quarter
backlog. Backlog is entered in weeks and is converted to students who hold
quotas. The output report shows backlog in both weeks and numbers of students.

AOB STUDENT DAYS. Student days is the total, by quarter, of the number of days
each student has spent in a course that quarter. Thus, it is possible to show
student days in a quarter that had no convenings. Students set back to a course
do not count as utilizations, but the student days spent in that convening are
totaled, Two methods of calculating student days are available in the TPF model,
with the method decided by the value of AOB constant entered. If this constant
{s Jess than 300, student days is the total of class days times students,
adjusted for setbacks and quarters. If the ADB constant is 300 or greater,
student days include weekend days for courses longer than one week. If a course
spans two quarters, the weekend days for that week the span occurred are charged
to the quarter in which the course convened. AOB is the student days divided by
the AOB constant, which is a model input parameter. This AOB is multiplied by 4
for the quarterly outputs.

PASS/FAIL, ETC. These are historical pass/fail and non-academic disenrollment
percentage rates. Updates to these factors require additional statistical
analysis of current data. Academic setbacks are hard coded into the logic of
the model and are based on the fail percentages. The criteria for setbacks are
discussed under the logic design portion of this section.

MODEL /DATA BASE COMMUNICATION

Comunication with the data base is a one way flow, utilizing a group of
support programs to make data base parameters available to the model. This flow
can be seen in Figure IV-1. The flow initiates with the procedure to create a
temporary, or scratch data base. This gives the user a capability of modifying
the temporary data base to run the model. A program, UNLOAD], exists to re-
format these data for input to the TPF model. This program breaks data hase
parameters into two data sets. The TPF model utilizes multiple input data
sets to minimize both core storage requirements and execution time. The only
calculation occurring during this operation is the blanking of tne NEC code,
should the number O occur. The program also makes available a card image of each
of the data sets. The user can either print or punch these data by changing
the JCL control card. Thus, the user can obtain a punched deck of all TPF
model inputs from the data base. This in turn allows the user an alternate
method of modifying data for direct input to the TPF model. Finally, this
interface exists in its present configuration as this is the planned "port" for
direct communication with the model through a terminal communication system.

lfRiSj Iv-17 :113{;
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The statistica! data 4gathered in this exercise consists of two data sets, the
longest containing over 27,000 physical records of 40 data elements each.

This ccllection of data has been termed the statistical data base and is
explained fully in Volume IIl, Section IV, under Statistical Data. As these
sta%jstical dala are reiined, it is anticipated this data base will be utilized
on line.

LOGIC DESIGN

In general, the design of the TPF model is such that it might be termed a
front-end loa-ed mcdel. That is, all schedule and demand conditions for a course
are loaded at the b.ginning oi the year, and the model then projects the re-
sultant coniitions for the remaindar of the year. Likewise, the basic model
projecis, rather than predicts. That is, the model itself is a true simulation,
or mathamatical represeniation of the mechanics of the overall scheduling func
tion for tie Center. A1l .:.00 fun.tions that affect student flow are modeled
to a detail .imitar ¢ the actual op.r-ations at the Certer, which include quota
cont~01, BUPERS detailing, scheduling, failures, and setbacks. The model out-
puts, however, can be predictive if th2 inputs themselves are predictive. To
us¢ the moadei for decision miking l.urpuses, the user must input his predictions
o+ demands, schadule chang:s, new courses, etc., and the model then projects
the annual throughputs, feilures, AOB's, and such, based on these pradictions.
Likewise, a simulutiovy model is not an optimization model; the large number of
variable input parameters precludes this. The user can manipulate the model
inputs to achieve uptimal results.

PROGRAM LOGIC DESIGN. ‘ine TPF rwdel consists of a main control program and six
subroutines, all coded n *the FURTRAN language. This structure was chosen for
several reasons. Al" inpul (atu enter through the main control program, which
edits the 1npui dats and Lui'ds a matrix for communication between the sub-
routires. Thus, if 1° 4t retiods should be changed, such as entering backlog
as students r.ther Lha» ihe present method of entering weeks, only one routine
would require a minow cliungt ¢nd no revalidation of the other subroutines

wou'd be requirzd. As ano®har example, the entire scheduling routine is con-
tained in ;ubioutine CRSRLS. This subroutine represents the methods and pro-
cedures cu.rently in : .e 8" ine Center. Should it be desirable to represent
other centers with difiarent methods and procedures, a new subroutine to repre-
sent thet center cou™ ve witten, and the appropriate subroutine could be
linked to ti:e mwrdel 4 axnoute tiwe. In summary, the model has been written in
a modui-r fora <o as Ly allow adaptability and ease of modification without
ertensive vewr.te.

One final Y&:l.r wes paramou.t to the design of the model, that of execution
speed. Othar lan;uages, such as D,namo and GPSS, could have been adapted to

the problem at hand. However, each of these is a general simulation, and
compromises would have Leen required in a model of this size. Probably the
greatest compromise would have been in execution time. The TPF model currently
requires 3.6 minules eiapsed time for an annual process of all 128 courses pres-
ently active at the Fleet Training Center, and to print the 54 page summary
report. This execution speed is due in part to the fact that all model run data

4 L 4
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are stored in a matrix that is core resident, with no disk access required. Also,
special attention has been paid to real-time programming techniques, such as the
use of the "arithmetical if" rather than the "logical if", the latter being more
convenient to use but substantiglly slower in execution.

Program - MAIN. The program MAIN is the control portion of the model. The first
consideration in the design of this program was that it was to be the primary
interface with the outside world. A1l input data and cuntrol inputs enter
through this program. One requirement placed upon this program was that the
model should execute even i1f an invalid parameter is specified on an input card.
Nothing 1s more discouraging than sending a job to the computer center, waiting
two days for the turnaround, and then finding that the job was not run because

of a keypunch error on an input card. Because of this, over 50 percent of the
program MAIN is spent in editing input data. An example of the logic used for
data error detection and correction can be found in the entry for years of the
run. The feature of entering years of the run is somewhat cosmetic in nature, as
these figures are not used for input calculations, but are printed on the output
report to identify the years of the run. The number of years of the run (or
model yearly cycles) is determined by subtracting the first year from the last
year; 1f the result is negative the result is made positive and the years inter-
changed. If only one year input is present, the model will run only one year; if
no years are present, the model will default to 1975 and run for one year; if the
years of the run are greater than three, the run will be clamped to three years. Most
other data elements go through some sort of error checking, especially tests for
invalid, negative, out-of-range, or logically invalid conditions. The data
elements found in error are zeroed or clamped at some value, an error or warning
message printed, and processing continues.

The program MAIN also sets the run condition flags for communication with the
subroutines. Nearly all of this communication is through the use of FORTRAN
common, rather than subroutine parameter passing. This is to aid documentation
and assure ease of modification. The name PASS in one subroutine means the same
thing as the name PASS in any other.subroutine, reducing the need for redefini-
tion within each subroutine.

Except for one routine, the rest of the MAIN program logic is straightforward,
using standard FORTRAN coding techniques. Three major cycling paths exist in

the model; the year loop, the quarter loop, and the week loop. One of these,

the quarter loop, can undergo alteration to initialize the model. The TPF

mode] does not snapshot existing conditions, but rather it views conditions over
a period of time. It considers the schedule and classes as they are today, and
projects for one year. One important factor must be recognized. There may be
70 courses in session that were started in a preceding period and which, because
of their length, terminate in the first quarter being projected. To represent
this, the quarter loop can reconfigure and, for the initialization phase, the
mode] operates as though it were the quarter prior to model start. No totals are
accumulated for the run; the only effect is to release courses so that they may
be active at mode) start. Subroutine PRERUN is used to accomplish this, and this
inftialization will be discussed in further detail in that segment. This initia-
14zation is important to properly calculate AOB and establish initial student flow.

128
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The Towest order cycling loop in the model is the week Toop. This loop first
scans each course loaded in the model, one at a time, for a course that should
convene that week. It does this by testing the convening frequency ov the

course against a matrix loaded in core, for convening frequencies of 1 to 50
convenings per year. Before this comparison is made, the matrix is rationalized
for offset, change week, and multiple convenings. This routine is described
immediately following this segment, but for now, all that is necessary to know

is that if this matrix returns a code that the course should start, subroutine
PRERUN will be called and the course started. When a course is started, it is
placed in an active matrix, which is described in the subroutine PRERUN segment.
Upon completion of the test fur possible convening of all courses, the MAIN pro-
gram then tests all active courses to see if any end in that week. As the model
cycles on a weekly basis, many courses will begin and end in the same weekly loop.
When a course 1s found to end, subroutine CRSEND is called which closes out the
course, allocates the AOB, and calculates attrition. When all of the 300 possible
active courses have been tested, the weekly loop recycles to run another week.

Every 13 weeks the quarter loop cycles, calling subroutine QRTEND, to allocate
AOB against quarters and accumulate totals. Finally, after 4 quarters, the year
Toop gyc1es. calling subroutine YEARND, which controls printout for the yearly
report.

Scheduling Algorithm. Several schuduling algorithms were studied as candidates
for this modei. Une of the most common schemes uses a calendar and requires

some form of input date for each convening. This is suitable for a simulation
of construction projects or other projects with few convenings and absolute
accuracy requirements. However, it is not usable when there is the possibility
that a Fleet course may have over 400 convenings per year. Thus, an accurate
but efficient routine was needed. As part of the design effort, the actual con-
vening dates for many of the courses were plotted. These plots were then
analyzed and an allowance was made for common holidays. The data were then
transferred to the matrix shown in Figure IV-5. This shows the scheduled con-
vening weeks for courses with a convening frequency of 1 to 50 per year. Many
courses convened more frequently than this, and these are handled by breaking
them into multiple courses, each with convening frequencies of less than 50,

but whose overall convenings are the same as the original. For example, a course
with 51 annual convenings is handled as two courses, one that convenes 26 times
annually, and one that conrvenes 25 times annually. Using this technique, the

TPF model can handle courses with up to 500 annual convenings. The convening
matrix itself is stored in core and named ISCHED, with data loaded in hexidecimal
format - FORTRAN allows the loading of hexidecimal data, but does not allow indi-
vidual bit testing or manipulating. Therefore, a synthetic method of bit testing
was developed. This technique involves extracting the proper bit pattern by divi-
sion by various constants based on week and quarter, which leaves a 1 in the low
order bit position if the course is to start, or 0 if it should not. This extracted
bit pattern is then tested to determine whether the low order bit is a O or 1,
which is accomplished by a division by integer 2, and then a multiplication by
integer 2. If the result is the same as the original, the low order bit was 0

and the course is not released. Two rationalizations must be made prior to look-
up in this table. First, if a course convenes only once a year, the matrix will
start it the first week of the model run. In reality, this course may convene

on the 21st week. Offset was introduced as an input to the model to allow fine
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tuning of the course release date. An offset of 20, for example, will tell the
model to enter the schedule matrix as week 1 when the model is in the 21st week.
This is useful to assure that student AOB is allocated to the proper quarter.
The second parameter that may modify the schedule algorithm is "change week".
This parameter allows a course to run for part of a year under one set of con-
ditions, and the remainder of the year under a second set of conditions.

As this technique uses matrix lookup, the table must be protected for invalid
entries while preserving flexibility, If the convening freguency is 0, the
matrix will be bypassed and the course is not run. If the week is greater than
52, 52 is subtracted from the week until it is less than 52. If offset is
positive, such as 21, no courses will be released until the 22nd week, regard-
less of the convening frequency. On the other hand, a negative offset of 31
would accomplish the same schedule shift, and courses could be released from the
start of the model run. :

Subroutine CRSRLS. The course release subroutine contains the scheduling logic
for the Center. This includes keeping backlog counts, scheduling only local
seats, and overbooking certain courses with high no-show rates. The logic of
this subroutine schedules the BUPERS students based on the annual BUPERS plan,
divided by current convening frequency. This is done even if the result
exceeds the seats controlled by BUPERS. Next, local quotas are released. This
1s accompiished by releasing students to a backlog pool based on local demand,
divided by current convenings. This pool is released to the course up to the
Tocal capacity. No-shuws are then calculated using historical no-show percentages.
Only local students are used for this calculation as BUPERS students generally are
on TAD or PCS orders, and are not identifiable as no-shows. Finally, for courses
running near capacity, up to 10 percent of the capacity is released from the
backlog pool as substitute quotas. This routine then builds an antry in the
course active matrix. Included is utilization, weeks till termination, and a

term to allocate AOB between quarters and between classes if a student should

be set back. This subroutine closely represents the scheduling methods in use

at the Center. If other centers, with different algorithms, should be studied,
this subroutine would most 1ikely be replaced by one representing the location
under study.

Subroutine Prerun. As mentioned previously, the model can run in an initializa-
tion mode for one quarter prior to the actual model run. Subroutine PRERUN is
called by CRSRLS any time the model is in the initialization mode. It is re-
quired for two functions. First, courses are tested prior to release to ascertain
whether they should be running at model start or not at all. Second, this sub-
routine allocates AOB for those courses to assure that AOB applicable to the

first quarter is charged to the first quarter.

Subroutine CRSEND. This subroutine is called any time a course is found to end.
Three functions are performed by this subroutine, closing out the active course,
disposing of the students, and allocating A0OB. The first function merely consists
of deleting all reference to the course from the active matrix. Disposing of

the students is more difficult. Failures are calculated first, using the

current failure rate. This is either the historical rate or a revised failure
rate, calculated by the statistical update program. Whichever failure rate is se-
lected, it is constant for the model run. Two avenues for further study have been

- Q IV"Z] .
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apparent during the design of this model. First, it is believed that the
interface with the statistical data could be made dynamic, giving individual
classes individual characteristfcs. Second, no provision is made to show.
reduction in AOB due to a failure dropping out of a course prior to its com-
pletion. There are two reasons for this latter condition. First, the dropout
rates have a relevance to the job the student is to perform. In the case of a
supply clerk, he may complete the course even though he is an obvious failure,
because despite the failure, he will be doing the job. Second, over 85 per-
cent of the failures are from courses one week or shorter where the early termi-
nation is insignificant.

The second student category calculated is non-academic disenrocllments. Again,
these students are calculated from static percentages, and as no data were yet
available, no reduction was made to AOB.

The last Student category is setbacks. Setback logic currently allows setbacks
for those courses three weeks or longer, and where more than one convening is in
session at a time. This setback rate is currently based on a fixed percentage
of failures per class. AQB fur setback is allocated between the "entered in"
and "finished in" convening. Finally, this subroutine calculates AOB based on
the current calculation method in effect.

Subroutine QTREND. This short subroutine is used to accurately allocate AOB
etween quarters. Only the active courses are tested at the end of a quarter,
the accumulated AOB 1s charged to the current quarter, and the active course

AOB is adjusted accordingly.

Subroutine YEARND. This subroutine is used to print a short form printout of
quarterly model data. This printout can be called by a Trace flag on the para-
meter card. If this Trace flag is not ON, subroutine NPRINT is called.

Subroutine NPRINT. This subroutine accumulates annual data, prints the annual
course, scnoo), aind Center quarterly reports, and restores the model for execu-
tion in multiple years. A sample of the course formats is shown in Figure

IV-2 while a sample of the school and Center formats is shown in Figure IV-6.

LEVEL 1 VALIDATION SCENARIOS

The TPF mode] is a simulation program representing the physical operation
of the Fleet Training Center, Norfolk, Virginia, and is written in the FORTRAN
language. Unlike the other models discussed in this report, the TPF model uses
no predeveloped programs as part of the simulation. Thus, the entire mechanics
o{ th?tgodel required validation, along with the validation of the simulation
algorithm,

MODEL ARITHMETICAL VALIDATION. The first step in validating the TPF model was
to exercise the model in all possible modes. The first run consisted of running
the'models with course convenings of 1 to 200, and then verifying that the
proper number of convenings occurred. Next, the lengths were varied, and one
student placed in each convening to verify the AOB calculations. The offset

was validated for both positive and negative values of up to one year. Each of
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the other algorithms, such as those for BUPERS control, no-shows, substitute
quotas, dropouts, setbacks, etc., were exercised one at a time and in combina-
tions to verify that the desired results were obtained. The listings for
thesetvalidations are lenghy, however, and are not included as part of this
report.

VALIDATION SCENARIOS. General validation runs were executed utilizing the TPF
model to verify the utility of this model as a tool for evaluating change.
Four of these runs are presented here.

Excessive No-Show Rates. The course, Boiler Feedwater and Test, was used as an
example to show the utility of the model in evaluating the real cost of no-shows.
The data used in this example are not current since this course has been totally
restructured. The prior data, however, are useful for this example. In this
hypothetical example, the course was operating with a backlog of about 20 weeks,
but was running at only alrut 80 percent capacity because of a high no-show rate.

The TPF model was executed to show the improvement that could be expected by
cutting the current no-show rate by 25 percent and 50 percent. The results of this
experiment are shown in Figure IV-7, The top portion of this figure illustrates
the results obtalned by executing the model with all course data drawn directly
from the data base, so as to shuw quarterly and annual predictions for the course
under existing conditions. The center portion shows the results with the no-show
rate rut to 18.3 percent, while the bottom portion shows the results with the no-
show rate cut io 12.1 percent. A1l other parameters were held constant. Under
existing conditions, it is projected that 618 students will utilize the course
annually, with the reduced no-show rates improving this utilization to 667 in the
second case, and to 717 with the no-show rate cut to 12.1 percent (50 percent of
the original rate).

It was then uecided to establish the number of additional convenings necessary to
achieve the highur utilization if the no-show rate could not be reduced. The
convenings were incraased in increments of 4 until the desired utilization was
obtained. The results of this experiment can be seen in Figure IV-8. Again,

in the top portion of this figure, the model was executed under existing conditions
to establish the baseline. In the center portion, the convening frequenCy was
increased by 4 to 52, and in the bottom portion 1t was again increased by 4 to 56
annual convenings. The bottom portion gives a projected utilization of 720, which -
is close to the 717 utilization obtained by reducing the no-show rate by 50 percent..
Thus, it can be predicted that the cost of just half of these no-shows, in terms

of resource impact, is 8 convenings per year.

Variation in Studenl Characteristics. In this example, it was desired to observe
The varlation in the ihroughput that might be expected if the average of certain
student characteristics were varied by plus and minus & percent. The course
chosen for study was Air Conditioning and Refrigeration. The student character-
istics varied were the average GCT and ARl test scores, .

This example required a two part solution. The first portion of this can be
seen in Figure IV-9, This figure shows this course (number 4552) with the failure
rate calculated on the left, the GCT and ARl scores increased by 5 percent in the
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center using existing averages, and on the right with the GCT and ARI scores
decreased by 5 percent. The programs used in this example were the off-1ine
FAIL1, FAIL2, and FAIL3. These programs predicted that the failure rate would
decrease to 7.9 percent with a 5 percent increase of the test scores (as compared
to an existing failure rate of 11.6 percent), and would increase to 15.3 percent
with a decrease in test scores of 5 percent.

These new failure rates were introduced as inputs to the TPF model to establish

the corresponding throughputs. The results of this experiment may be seen in
Figure IV-10. AI1 other input parameters were held constant. In the top example,
the lower failure rate was used, giving a throughput of 325 passing students., The
center example used the existing failure rate, predicting a throughput of 309
passing students, while the bottom example, using the higher failure rate, resulted
in 293 passin$ students. Thus, it can be predicted that a change of 3 percent in
test scores will modify the failure rate by approximately 3.7 percent, resulting

in a change of about 16 passing students annually under curreit conditions.

Backlog Reduction, This example illustrates how the TPF model can be used to
evajuate course changes required by temporary imparts. It is assumed that the
course, Introduction to 3-M, has been impacted as a result of an extremely large

- number of students requesting the course due to precomissioning activities, re-
sulting in a current backlog of 10 weeks, or over 1400 students. It has been
decided to immediately increase the convening frequency to 4 per week (176 annually)
to work off this backlog. However, the peak demand is assumed to be temporary,
and the demand figures from the original plan are believed to be valid.

The TPF model was used to establish the effects of first, continuing this higher
convening rate indefinitely; second, returning to the original schedule in 6 months;
and finally, returring to the original schedule in 3 months. The TPF model results
may be seen in Figu.e IV-11. The top example shows the results obtained by con-
tinuing the course indefinitely at the higher convening frequency, resulting in an
annual utilization rate of 74.7 percent. In the center example, the convening
frequencr was cut to 3 per week (132 annually) at the end of 26 weeks. This re-
sulted i1 an annual utilization of 85.6 percent, with the backlog totally elimi=-
nated by the end of the second quarter. In the bottom example, the course was
reduced to 1ts original convening frequency at the end of the first quarter (13
weeks). This resulted in a utilization rate of 91.3 percent, but still showed

a 4 week backlog at the end of the second quarter. These figures present some

of the insight necessary to choose the proper course of action.

Align nggc1§§ to Demand. In this example, the TPF model is used to evaluate the
effects of reducing course convenings in order to bring utilization to a more
favorable percentage. In the example, the course has been experiencing a utiliza-
tion rate of less than 50 percent, and it is desired to increase this py a reduc-
tion in convenings. However, the situation is clouded somewhat by a relatively
hig? ?o;show rate and a current temporary demand caused by precommissioning
activities.

The TPF model was run to test the results of reducing the convening frequency
immediately to 20 annual convenings and 16 annual convenings. The results of
this are shown in Figure IV-12. In this figure, the top example shows existing
conditions as a baseline, indicating an annual utilization rate of only 50.7 pera
cent. In the second example, the convening frequency is immediately cut to 20,
giving an annual utilization rate of 61.2 percent. In the bottom example, the
convening frequency is immediately cut to 16, resulting in a more favorable -
, utilization rate of 77.1 per%igi. without an excessive wait time (backlog).
ERIC &
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TAEG REPORT NO. 12-2
SECTION V

MODEL TEST APPLICATIONS SCENARIOS

CONDITIONS FOR MODEL APPLICATION

The three DOTS models can only be useful when applied to a training system
which is changing or which can be changed. If the training system remains
structurally the same and responds to new demands, either by absorbing them
in excess system capacity or by refusing to accept new requirements, the models
are usefu; only to the extent that their bookkeeping capabilities can be used.

Demands placed on the system can originate from a variety of sources, but can
be classified roughly into two categories: quantitative demands and qualita-
tive demands. Quantitative demands are those which require system output to
change numerically. The system is required to produce trained personnel of the
same kind and in the same way as in the past, but the numbers trained in
different courses are changed.

Qualitative demands are those which require the system to produce different
kinds of trained people, or people trained by different methods. Qualitative
demands can. originate external to the system (e.q., new equipment training) or
internal to the system (e.g., introduction of new instructional methodology).
Regardless of type, qualitative demands require the system to be changed in
some way other than rearrangement of existing courses and resources. Figure
V-1 shows the basic response to qualitative and quantitative change.

PROBABLE APPLICATIONS OF DOTS MODELS

Before discussing the most probable app]fcations of the DOTS models in differ-
ent iyitgm environments, the basic purpose of each of the three models should be
re-stated:

a. SCRR model - determines optimum arrangements of course convenings,
instructor, and other resources to produce a particular quantita-
tive system output.

b. TPF model - given convening schedules and course types, the TPF
mode] predicts true system output based on a qualitative descrip-
tion of the students entering the system.

c. ETE model - ?iven available resources and course configuration,
the ETE model predicts course throughput and resource utilization
when individualized learning techniques are employed.

From these model objectives, some general rules concerning model application can
be inferred. The SCRR and TPF models complement each other and will be equally
applicable to a particular problem. The only exception to this is that the TPF
model has bookkeeping capabilities useful in producing training system status re-
- ports, and so will find some application regardless of training system operation.

The ETE model, because it deals specifically with the use of individualized learn-
ing techniques, is less general than the SCRR or TPF models. Also, because it can
function either as a design tool or in monitoring an existing system, the ETE model
will be applied at different times in the training requi rement-to-implementation
cycle than the other models. .
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TYPE OF CHANGE PROBABLE TRAINING SYSTEM RLSPONSE

QUANTITATIVE CHANGE ¢ REVAMP COURSE SCHEDULES, INCREASE CONVENING
FREQUENCIES AND CAPACITIES FOR SOME COURSES,
DECREASE OTHERS.

QUALITATIVE CHANGE e DESIGN AND IMPLEMENT NEW COURSES, ADJUST
SYSTEM RESOURCES TO ACCOMMODATE.

e REDESIGN EXISTING COURSES TO APPLY DIFFERENT
. INSTRUCTIONAL METHODS.

e RESTRUCTURE SYSTEM. COMBINE COURSES, SHIFT
EMPHASIS, MOVE TRAINING TO SHIPBOARD OR
VICE VERSA.

FIGURE V-1 TRAINING SYSTEM RESPONSES TO GENERAL DEMANDS

Figure V-2 shows the probable level of application of each of the three models
in response to seven different system demand-response combinations. Four of
these combinations, and the corresponding application of the three models, will
be discussed in the following scenarios. The demand-response combinations to
be discussed are:

a. System As Is. Study to improve operation, but ho change in instruc-
tion methods.

b. Course Offerings Unchanged But Move to ILS Methods.
¢. New Equipment Requires New Courses.
d. NEOCS Type Structural Change.

STUDY TO IMPROVE EXISTING SYSTEM. As Figure V-2 indicates, the ETE model ic
not applicable in this situation. This is because the number of ILS courses

is so low at the present time.

The first step in applying the models to this type of study is to determine
possible strategies for improving system throughput without increasing system
resources. Next, each of these strategies is reviewed to determine the degree
to which it can be carried out. Because the strategies can be tested without
disturbing the real system, it is reasonable to postulate both an ideal situa-
tion, in which the strategy can be stated without regard to real world con-
straints, and other "most likely" situations, in which the analyst attempts
to include Lrown conditions in estimating how far a strategy can reasonably

be carried. .
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Each of these strategies is then tested using the SCRR model and the TPF model,
The analyst nen determines the best combéination of feasibility and benefit

and translates these results into recommendations for change within the systenm,
or into requests for change in operations external to the system.

Figure V-3 is a detailed flow of the use of this method for a training system
such as FLETRACEN, NORVA. For purposes of this illustration, it was assumed
that the first resource to be studied was the instructor staff. The first
strategy listed represents an ideal situation in which all instructors can
teach all courses, so that an optimum class schedule can be derived without
being constrained by the availability of a particular type of instructor. The
second strategy is a "most likely" case of the instructor pooling strategy,

and the third is a different strategy for providing limited instructor pooling.

IMPLEMENTATION OF ILS METHODS. Unlike the previous example, the strategy here
is known; 1.e., to implement ILS techniques for a set of existing courses. The
ETE model would come into play at two different Stages in this situation.
First, it would be useu to derive the desired ILS course configurations and to
assess the resources reyuired to support the courses converted to ILS.

Second, with these desired ILS course specifications as the starting point, it
would be used to assess the impact on the training system of these ILS courses,
and assure that the system will perform satisfactorily and that the resources
exist to support ILS operation.

The steps in this sequerce are illustrated in Figure V-4. Each feedback loop
shown can represent several iterations of the process. The SCRR and TPF models,
again, act in complementary fashion, with the SCRR model determining optimum
resource allocation and tlie TPF model testing system throughput.

NEW EQUIPMENT REQUIRING NEW COURSES. Figure V-2 shows this situation providing
only a moderate level of use for the three models. The moderate usage level

is projected based on the assumption that only a limited number of new courses
will result from the introduction of a single new piece of equipment. The
1n§r?duction of one or two courses could be accomplished without the aid of the
models.

The primary purpose of this scenario is to show the time differential in model
application for certain kinds of courses. Where courses deal with specific
pieces of equipment, it is usually not practical to employ ILS techniques early
in the 1ife of the equipment, when frequent engineering changes are being made.
For this scenario, it i5 assumed that the original course material is supplied,
in conventional classroom form, by the equipment vendor.

Figure V-5 shows the timeline applicaticn of the models. When the ILS version
of these equipment courses is developed, the steps followed will be the same as
those described in the previous scenario.

NEOCS TYPE STRUCTURAL CHANGE. Some of the recommendations contained in the

Naval Enlisted Occupational Classification Study (NEOCS) cludd result in maior
changes to the structure and role of training systems such as FLETRACEN NORVA. It
is impractical, lacking information on the strategies to be used in accomplish-
ing the goals set forth in the NEOCS report, to attempt to define all the ways

in which the DOTS models could be applied to so fundamental a restructuring of
the training system. A single objective and its implications will be considered
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here. Table V-1 1ists some of the implications of the NEOCS objective to post-
pone heavy technical training until the second tour, and to increase fleet and
type training early in the first tour.

Since the Fleet Training Centers represent the on-shore training establishment

of the fleets, they are reasonable candidates to control the allocation of
shore-based and 0BT to satisfy the requirement for increased fleet and type
training. 0BT represents an rxcellent candidate for individualized instructional
techniques. In fact, if a significant portion of any increase in fleet and type
training could employ individualized methods, the same instructional matter could
be empluyed both ashore and on-board.

Therefore, for this scenario, it is assumed that COMTRALANT/PAC and their respec-
tive FLETRACEN's nave been tasked with the establishment and control of fleet/
type training to be conducted Jointly on-board and at the training centers.
Further, it is assumed that, where possible, this training will be individualized
and transferable between shipboard.and the FLETRACEN.

Although all the possible impacts of a task of this type cannot be foreseen,
some of the more basic steps are diagrammed in Figure V-6. The scenario is
based on a task approach in which all possible FLETRACEN and COMTRALANT/PAC re-
sources are applied on a maximum priority basis.
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POSTPONE HEAVY TECHNICAL TRAINING

® CHANGE IN PROFILE OF STUDENTS ENTERING “C" SCHOOL AND
ESTABLISHMENT OF “E" SCHCOLS

¢ INCREASED EMPHASIS ON OBT FOR FIRST TOUR

INCREASED FLEET AND TYPE TRAINING
e SOME COULD BE CARRIED OUT ON BOARD

@ INCREASED LOAD ON FLETRACEN'S FOR NEW, GENERAL COURSES

TABLE V-1 IMPLICATIONS OF PROPOSED CHANGES IN TRAINING OCCURRENCES
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